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1

CONTROL INFORMATION COMMUNICATION
ARRANGEMENT FOR A TIME DIVISION
SWITCHING SYSTEM -

TECHNICAL FIELD
This invention relates to time division switching sys-

tems and more particularly to arrangements for commu-

nicating control 1nformatlon wzthm such systems
BACKGROUND OF THE INVENTION

Stored program controlled communication switching

systems comprise some form of intelligence which con-
trols switching functions in response to a program
stored in' memory. Historically, such systems included a
single processing entity for the control of the entire
system. As technology and system design evolved, it
was desirable to separate certain routine functions from
the main processing entity to save its processing time
for more complex system functions and decisions. To-
day, systems are being designed which also separate

some of the more complex system functions and deci-
sions into several intelligent processors. Throughout_

15

20

the evolution of sw1tch1ng system control strategies,

changes have occiirred in the way the various process-
ing entities intercommunicate. Some systems have pro-
vided a separate controller bus structure to be used for
all communications among the processors. Other sys-
tems have utilized the communication paths of the
switching system to provide communication paths be-
tween the distributed system processors and a central
controller which interprets control information and
directs the overall operation of the switching system.
These known systems, however, require that complex
and time consuming operations be performed in their
implementation. Further such systems cannot take full
advantage of distributed processing due to their reliance
on a central controller to direct the distributed proces-
sors. o |

A control information communication arrangement

25

30

35

in accordance with the invention of U.S. Pat. No.

4,322,843 of H. J. Beuscher et. al. issued Mar. 30, 1982,
and assigned to the assignee of the present application,
achieves the benefits of interprocessor communication
while reducing the complexity and time consuming
nature of previous arrangements. In accordance with
one exemplary embodiment of the invention of the
above-cited Beuscher patent, control units intercommu-
nicate via certain switching system communication
paths by means of control messages comprising a plural-
ity of control words. A control distribution unit in-
cluded in the switching system of the exemplary em-
bodiment accumulates the control words of a control
message being transmitted by one of the control units
and, after the entire control message has been stored,
the message is routed to the control unit defined by an

45

50

55

address portion of the message when a communication

path to that control unit becomes available. However,
since the control distribution unit in the exemplary
embodiment stores the entlre control message, interpro-
cessor communications can be significantly delayed
when control messages comprise many control ‘words.
Further, since a given control unit may sequentially
transmit a number of control messages, all of which
must be stored in the control distribution unit of the
exemplary embodiment because of the lack of available
communication paths to destination control units, the
magnitude of the storage facilities included in the con-

60

65
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trol distribution unit must be large. Further, the possi-
bility that transmitted control messages may be lost
when the provided storage facilities are all being used to
store other control messages complicates the fault re-
covery 'procedures that must be developed to assure
high system re]iability In view of the foregoing, a rec-
ognized problem in the art is achlevmg the benefits of
interprocessor communication us1ng the communica-

10 tion paths of a switching system in accordance with the

invention of the above-cited Beuscher patent without
unnecessarily delaying the interprocessor communica-
tton and without the cost and complexity associated
with the storage facilities of the above-described exem-
plary embodiment.

SUMMARY OF THE INVENTION

The aforementioned problem is advantageously
solved and a technical advance is achieved in accor-
dance with the principles of the invention in a control
information communication arrangement wherein a
given control unit desiring to transmit a control mes-
sage comprising a number of control words to a destina-
tion control unit must first transmit a circuit setup re-
quest control word defining the destination control unit
to a switching means and wherein the switching means
responds to the circuit setup request control word by
establishing a communication path to the destination

control unit whereby the control words of the control
message are conveyed from the given control unit to
the destination control unit without being accumulated
and stored therebetween. In accordance with a second
aspect of the invention, the given control unit begins to
transmit the control message only after being informed
that the communication path to the destination control
unit has been established. |
A control information communication arrangement
for a time division switching system in accordance with
the present invention comprises a switching means hav-

ing input ports and output ports and a plurality of con-

trol units each connected to at least one of the input
ports for transmitting circuit setup request control
words each having an address portion defining one of
the control units and for sequentially transmitting con-
trol messages control words. Each of the control units is
also connected to at least one of the output ports for
receiving control message control words. The switch-
ing means includes a control word routing circuit and
means for transmitting circuit setup request control
words and sequentially transmitting control message
control words from the input ports connected to the
control units, to the control word routing circuit. The
control word routing circuit comprises a receiver
which receives circuit setup request control words and
control message control words and a circuit which
responds to a given circuit setup request control word
from a given input port by transmitting each control
message control word received sequentially from the
given input port, to one of the output ports connected to
the control unit defined by the address portion of the
given circuit setup request control word before the next
control message control word is received from the

given input port.
BRIEF DESCRIPTION OF THE DRAWING

A more complete understanding of the present inven-
tion may be obtained from a consideration of the fol-
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lowing description when read in conjunction with the

drawing in which:

FIG. 1 1s a block diagram of a system embodymg the
present invention;
FI1G. 2 1s a more detailed dlagram of a line unit in-

cluded in the embodiment of FIG. 1;

FIG. 3 1s a more detailed diagram of a time-slot inter-

change unit and an associated control unit included in
the embodiment of FIG. 1;

FIG. 4 1s a diagram of a link interface unit included in
the time-slot interchange unit of FIG. 3 for communica-
tion with a time-multiplexed switching unit of the em-
bodiment of FIG. 1;

FIG. 5 1s a diagram of a link interface unit included in
the time-multiplexed switching unit of the embodiment
of FIG. 1 for communication with the time-slot inter-
change unit of FIG. 3; .

FIG. 6 1s a diagram of the data word format utlhzed
in the embodiment of FIG. 1;

FIG. 7 1s a more detailed dlagram of a central control
included in the embodiment of FIG. 1:

F1G. 8 1s a flow diagram of an E-bit control sequence
of the present embodiment;

FIG. 9 1s a diagram of an E-bit check circuit used in
the present embodiment; |

FIG. 10 1s a state diagram for a DMA transmit con-
trol circuit included in the control unit of FIG. 3;

FIG. 11 1s a diagram of the control word format used
for control words transmitted to a control word switch
included in the embodiment of FIG. 1;

F1G. 12 i1s a diagram of the control word format used
for control words transmitted from the control word
switch included in the embodiment of FIG. 1; |

FIGS. 13 through 16, when arranged in accordance
with FIG. 17, present a more detailed diagram of the
control word switch included in the embodiment of
FIG. 1;

FIG. 18 1s a timing dlagram relevant to the control
word switch included in the embodiment of FIG. 1;

FIG.19is a logic table relevant to a marking control

circuit included in the control word switch of the em-
bodiment of FIG. 1; and

FIG. 20 is a functional diagram of the communication

sequence for the transmission of a control message in
the embodiment of FIG. 1.

GENERAL DESCRIPTION

FI1G. 1is a block diagram of a time division switching
system embodying the present invention which is used
to interconnect subscriber sets such as subscriber sets 23
through 26. The embodiment of FIG. 1 includes a time-
multiplexed switching unit 10 which comprises a time-
shared space division switch having 64 input ports and
64 output ports. The embodiment further includes 31
time-slot interchange units of which representative
time-slot interchange units 11 and 12 are specifically
shown. Each time-slot interchange unit 11 and 12 in-
cludes a bidirectional time-slot interchange. Addition-
ally, each time-slot interchange unit 11 and 12 is con-
nected to two mput ports and two output pots of time-
multiplexed switch unit 10. In the present embodiment,
time-slot interchange unit 11 is connected to two time-
multiplexed switch input ports via time-multiplexed
lines 13 and 14 and to two output ports, via time-multi-
plexed lines 15 and 16. Time-siot interchange unit 12 is
connected to two time-multiplexed switch input ports
via time-multiplexed lines 13’ and 14’ and to two output
ports, via time-multiplexed lines 15’ and 16'.

10

15

20

25
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4
In the description which follows, the input and out-
put ports of time-multiplexed switching unit 10 are
referred to as input/output port pairs. This term is used
since the source for data words to an input port of 2
given input/output port pair is also the destination for
data words from the output port of that pair. As shown

in FIG. 1, input/output port pair P1 is associated with
time-multiplexed lines 13 and 15. Each time-multiplexed
line 13 thrcrugh 16 and 13’ through 16’ conveys dlgltal

information in 125-microsecond frames each compris-
ing 256 time separated channels. Accordingly, each
time-slot interchange unit transmits and receives up to
512 channels of digital information during each 125-
microsecond frame.

Each time-slot interchange unit is umquely associated
with a control unit of which control unit 17 is associated
with time-slot interchange unit 11, and control unit 18 is
assoclated with time-slot interchange unit 12. Addition-.
ally, each time-slot interchange unit is connected to a
plurality of line units of which line units 19 through 22
are shown in FIG. 1 via individual time-multiplexed
lines. In the present embodiment line units 19 and 20 are
connected to time-slot interchange unit 11 and line units
21 and 22 are connected to time-slot interchange unit
12. Each of the line units of the present embodiment is
connected to a number of subscriber sets.of which sub-
scriber sets 23 through 26 are shown. The exact number
of line units associated with each time-slot interchange
unit and the exact number of subscriber sets associated
with each line unit is determined by the number of
subscribers to be served and the calling rates of those
subscribers. Each line unit terminates the analog loop of
the well-known type from a plurality of subscriber sets,
e.g., 23 through 26, and converts call information in-
cluding analog speech signals into digital data words
which are transmitted to its associated time-slot inter-
change unit. Further, each line unit detects service re-
quests from the subscriber sets and generates certain

- signaling information for those subscriber sets. The

40

45

particular subscriber sets from which speech samples
are taken and encoded, and the particular time-multi-
plexed channels used to transmit the resulting code
between the line unit and its associated time-slot inter-
change unit are determined by the control unit of the

assoctated time-slot interchange unit.

The relationship of subscriber sets, line units and
time-slot interchange units is substantially the same for

- each of such groups of interconnected units. Accord-

50

33

65

ingly, while the description which follows relates di-
rectly to subscriber set 23, line unit 19 and' time-slot
interchange unii 11, it shows the relationships for all
other groups of such units. Line unit 19 scans the lines
connected to each subscriber set to detect requests for
service. When such a request is detected, line unit 19
transmits to the control unit 17, a message indicating the
request and the identity of the requesting subscriber set.
This message i1s transmitted to control unit 17 via a
communication path 27. Control unit 17 performs the
necessary translation based on the service requested, the
identity of the requesting subscriber set and the avail-
able equipment, and transmits a message to line unit 19
via communication path 27 defining which of the plu-
rality of time-separated channels between line unit 19
and time-slot interchange unit 11 is to be used to trans-
mit information from subscriber set 23 to time-slot inter-
change unit 11. Based on this message, line unit 19 en-
codes the analog imformation from subscriber set 23 into
digital data words and transmits the resulting data
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words in the assigned channels. In the present embodi-
ment, line unit 19 also transmits in the assigned channel
an indication of the DC state, i.e., open circuit, closed

circuit, of the subscriber loop associated with subscriber

set 23.

After a time separated channel between line unit 19
- and time-slot interchange unit 11 is assigned to a given
subscriber set, control unit 17 detects signaling informa-
tion from the subscriber set by sampling the information
transmitted in the assigned channel. Such sampling
operations are performed via a communication path 28.
Control unit 17 responds to the signaling information
from the subscriber’s channel, and to control messages
from other control units, e.g., 18, and a central control

10

230, by controlling the time-slot interchange function of 15

the time-slot interchange unit 11. As previously stated,
each time-multiplexed line between a time-slot inter-
change unit and the time-multiplexed switch unit 10 has
256 channels each 125-microsecond frame. These chan-
nels are assigned numerical designations from 1 to 256

in sequence as they occur. This sequence of channels
recurs so that a given channel will be available every
125 microseconds. The time-slot interchange function
takes the data words received from the line units and
places them in channels on the time-multiplexed line
between the time-slot interchange units and the time-

multiplexed switching unit 10 under the control of con-
trol units 17 and 18,

Time-multiplexed switching unit 10 operates in recur-
ring frames of time slots where each 125-microsecond
frame comprises 256 time slots. Durmg each time slot,
tlme-multlplexed switching unit 10 is capable of con-
necting data words received at any of its 64 input ports
to any of its 64 output ports in accordance with time-
slot control information stored in a control memory 29.
The configuration pattern of connections through time-
multiplexed switching unit 10 repeats itself every 256
time slots and each time slot is assigned a numerical
designation in sequence from 1 to 256. Accordingly,
during a first time slot TS 1 the information in channel
1 on time-multiplexed line 13 may be switched by time-
multiplexed switching unit 10 to an output port P64
while during the next time slot TS 2 channel 2 on time-
multiplexed line 13 may be switched to an output port
P62. Time-slot control information is written into con-
trol memory 29 by a central control 230 which derives
this control information from control messages obtained
from various control units, e.g., 17 and 18.

Central control 230 and the control units 17 and 18 '

exchange control messages utilizing selected channels
called control channels of the time-multiplexed lines,
e.g., 13 through 16, between the time-slot interchange

20

25

30

35

40

45

50

units and the time-multiplexed switching unit 10. In the -

present embodiment, each control message comprises a
plurality of control words and each control channel can
transmit one control word per frame of 256 time sepa-

33

rated channels. The same channel of the two time-multi-

plexed lines associated with a given input/output port
pair is predefined to be a control channel. Additionally,
a given channel is used as a control channel for only one
pair of time-multiplexed lines. For example, if channel 1
1s used as a control channel on time-multiplexed line 13
and the associated time-multiplexed line 15, no other
time-multiplexed line will use channel 1 as a control
channel. In accordance with the present example, input-
/output port pairs P1 through P62 are connected to the
31 time-slot interchange units. Control unit 17, which is
associated with time-slot interchange unit 11 uses chan-

60
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nel 1 of time-multiplexed lines 13 and 15 connected to
input/output port pair P1 and channel 2 of time-multi-
plexed lines 14 and 16 connected to input/output port
pair P2 as.control channels. Similarly, the control units
associated with the other 30 time-slot interchange units
are channels 3 through 62 of the time-multiplexed lines
connected to input/output port pairs P3 through P62.
For example, control unit 18 which is associated with
time-slot interchange unit 12, uses channel 61 of time-
multiplexed lines 13’ and 15’ connected to input/output
port pair P61 and channel 62 of time-multiplexed lines
14’ and 16’ connected to input/output port pair P62 as
control channels. Input/output port pair P63 is con-
nected to central control 230 via time-multiplexed lines
201 and 202. Central control 230 uses nine channels,
channels 63 through 71, of time-multiplexed lines 201
and 202 as control channels. The number of control
channels used by the central control is determined by

the amount of control message traffic in a particular
embodiment.

During each time slot havmg the same numerical
designation as a control channel, time-multiplexed
switching unit 10 connects the control word occupying
that control channel to output port P64 and connects
input port P64 to the output port associated with the
above-mentioned control channel. The following is an
example of the operation of the present embodiment
when channel 1 is the control channel for time-multi-
plexed lines 13 and 15, and channel 2 is the control
channel for time-multiplexed lines 14 and 16. During
time slot TS 1 information from control memory 29
defines, among other connections, that the control
word in channel 1 of time-multiplexed line 13 is con-
nected to output port P64 and that the control word in

channel 1 at input port P64 is connected to time-multi-

plexed line 15. Similarly, during time slot TS 2, informa-
tion from control memory 29 defines that the control
word in channel 2 of time-multiplexed line 14 is con-
nected to output port P64 and that the control word in
channel 2 at input port P64 is connected to time-multi-
plexed line 16. When operating in this manner, output
port 64 receives from time-multiplexed switching unit
10 all control words in a channel having the same nu-
merical designation in which they were transmitted to
the time-multiplexed switch. Further, each control
channel is connected to receive control words from
input port P64 during the time slot having the same
numerical designation as their associated control chan-
nel. Control words switched to output port P64 are
transmitted to control word switch 300 on a 256-chan-
nel time-multiplexed line 301. Accordingly, the 71 con-
trol channels of the present embodiment (62 channels
used by the control units associated with the 31 time-
slot interchange units and nine channels used by central
control 230) are routed in channels 1 through 71 of
time-multiplexed line 301. The control words transmit-
ted on time-multiplexed line 301 each comprise 16 bits
in the format shown in FIG. 11, bits 0 through 7 com-
prising an 8-bit information field X1 and bits B and C
comprising a 2-bit definition field X2. Field X2 of a
given control word defines that control word as a con-
trol message control word, a circuit setup request con-
trol word, a circuit clear request control word or a
circuit disconnect request control word. Control words
received by control word switch 300 on time-multi-
plexed line 301 are routed, in a manner to be described
herein, in channels 1 through 71 of a 256-channel time-
multiplexed line 302 connected to input port P64.
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(Channels 72 through 256 of time-multiplexed lines 301
and 302 are unused in the present example). The control
words transmitted on time-multiplexed line 302 each
comprise 16 bits in the format shown in FIG. 12, bits 0
through 7 comprising an 8-bit information field R1, bits 5
B and C comprising a 2-bit status field R2 and bits F and
G comprising a 2-bit status field R3. Status field R2 1s

used to convey status signals to time-slot interchange
units originating control messages and status field R3 is

used to convey status signals to time-slot interchange 10
units receiving control messages. By the operation of
time-multiplexed switching unit 10, channels 1 through
62 of time-multiplexed line 302 are rounted in channels
1 through 62 respectively at output ports P1 through
P62 and channels 63 through 71 of time-multiplexed line 15
302 are routed in channels 63 through 71 at output port
P63. |

The use of control channels through time-multi-
plexed switching unit 10 and control word switch 300
to convey control messages is illustrated by the follow- 20
ing example wherein control unit 17 associated with
time-slot interchange unit 11 desires to transmit a con-
trol message to control unit 18 associated with time-slot
interchange unit 12. First, time-slot interchange unit 11
transmits a circuit setup request control word, defined 25
as such by having its definition field X2=01, in time slot
TS 1 of time-multiplexed line 13. The circuit setup re-
quest control word includes in its information field X1
the binary equivalent of 61 which is the number of the
control channel to be used for the control communica- 30
tion to time-slot interchange unit 12. By the operation of
time-multiplexed switching unit 10, the circuit setup
request control word is transmitted via output port P64
in time-slot TS 1 on time-multiplexed line 301 to control
word switch 300. Control word switch 300 determines 35
by means to be described herein whether control chan-
nel 61 to time-slot interchange unit 12 is available. If
that channel is busy, control word source 300 transmits
a circuit busy status signal to time-slot interchange unit
11 by including status field R2=11 in the next control 40
word transmitted in time slot TS 1 on time-multiplexed
line 302, that word, in turn, being transmitted in time-
slot TS 1 on time-multiplexed line 15. In response to the
circuit busy status signal, time-slot interchange unit 11
repetitively transmits in channel 1 of time-multiplexed 45
line 13 circuit setup request control words defining
control channel 61 until control word switch 300 deter-
mines that control channel 61 to time-slot mterchange
unit 12 is idle, at which time the binary equivalent of 61
is stored in a memory location of control word switch 50
300 associated with channel 1 of time-multiplexed line
301 and circuit set status signals are transmitted to both
time-slot interchange units 11 and 12. Control word
switch 300 transmits these circuit set status signals by
including status field R2=10 in the next control word 55
transmitted in time slot TS 1 and including status field
R3=10 in the next control word transmitted in time slot
TS 61, both on time-multiplexed line 302. In response to
the circuit set status signal received by time-slot inter-
change unit 12, associated control unit 18 is informed 60
that the control message control words comprising a
control message will be received in the control channel
61 at the rate of one control word per frame. Time-slot
interchange unit 11, in response to the circuit set status
signal from control word switch 300, begins transmit- 65
ting the control message control words comprising the
control message at the rate of one control word per
frame in control channel 1. Control word switch 300

8

uses the information stored in the memory location
associated with control channel 1 to route each control
message control word received in channel 1 on time-
multiplexed 301 to channel 61 on time-multiplexed line
302. The control message is thereby conveyed from
control unit 17 to control word switch 300 via control

channel 1 and from control word switch 300 to control
unit 8 via control channel 61. Although the example
described herein involved control message communica- -

tion between two of the control units associated with
time-slot interchange units, a substantially identical
procedure is used for control message communication
between a control unit associated with a time-slot inter-
change unit and central control 230.

Each of the control units, e.g., 17 and 18, includes a
memory 57 (FIG. 3) which stores the program for:the
control of its associated control unit and data regarding
the primary function of the control unit, its associated
time-slot interchange unit and its associated subscribers.
Memory 57 stores such information as class of service,
the subscriber limits for gain or attenuation, toll screen-
ing information, and information relating to changes in
normal call handling procedures, e.g., terminating party
hold or joint hold. Much of the contents of the given
memory 57 is not stored in memory locations associated
with any other control unit or the central control. It
may, however, be stored in a bulk memory (not shown)
for maintenance purposes. Some of the information in
memory 57 €.g., terminating party or joint hold infor-
mation, relates primarily to functions performed by
other control units. This information is stored in associ-
ation with the subscriber to which it relates to avoid
data replication and to avoid the inefficiencies of cen-
tralized storage of such information. The previously
described arrangement utilizing control channels trans-
mitted through control word switch 300 is utilized to
send this call related information to other control unlts |
and the central control.

DETAILED DESCRIPTION
‘Line Unit 19

Line unit 19 is shown in greater detail in FIG. 2. It
should be noted that all of the line units of the present
embodiment are substantially identical to line unit 19.
Up to 512 subscriber sets, such as subscriber sets 23 and
33, can be connected to each line unit of the present
embodiment. These subscriber sets are connected to a
concentrator/expander 34 via subscriber loop circuits
of a type well known in the art. Subscriber set 23 is

connected to concentrator/expander 34 via subscriber
loop circuit 35 and subscriber set 33 is connected to

- concentrator/expander 34 via subscriber loop circuit

36. Concentrator/expander 34 has 512 input terminals
and 64 output terminals thus providing 8 to 1 concentra-
tion and expansion. The present embodiment also in-
cludes 64 channel circuits 37 which convert analog
information from the subscriber sets into digital data
words before transmission to the switching system, and
which convert digital information from the switching
system back to analog form for transmission to the sub-
scriber sets. Each of the channel circuits 37 is connected
to one of the output terminals of concentrator/expander
34. Each of the output ports of concentrator/expander
34 is also connected to a high-level service circuit 41
which is used, for example, to provide ringing current
to the subscriber sets. Each of the channel circuits 37
samples the analog signals from its associated output
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terminal of concentrator/expander 34 at an 8-kilohertz
rate and converts those samples to 8-bit PCM represen-
tations of the analog samples. This 8-bit PCM represen-
tation is used as a part of the data word transmitted to
the time-slot interchange unit 11. Each data word as
shown in FIG. 6'is 16 bits in length and comprises an
8-bit PCM data portion, a 7-bit mgnalmg portion, and a
parity bit. The signaling portion is used to convey sig-
naling information about the channel circuit or the sub-
scriber set to which it is- connected. For example, the
A-bit of the signaling portion is used to transmit the
present DC staté of the associated subscriber set to the
time-slot interchange unit 11.

The data words are transmitted from the channel
circuit 37 to a multiplex/demultiplex circuit 43 which is
connected to transmit and receive time-multiplexed
digital information to and from time-slot interchange
unit 11. Multiplex/demultiplex circuit 43 transmits digi-
tal information to time-slot interchange unit 11 on time-
multiplexed line 45 in 125 microsecond frames each
comprising 64 channels of 16 bits each. Each channel
transmitted on time-multiplexed line 45 is uniquely asso-
ciated with one of the channel circuits 37 and is used to
convey information from that channel circuit to the
time-slot mterchange unit 11. Multiplex/ demultlplex
circuit 43 operates in the manner well known in the art
to transmit the 16-bit data words from each of the chan-
nel circuits 37. Multiplex/demultiplex circuit 43 re-
ceives digital information from the time-slot inter-
change unit 11 via a time-multiplexed line 44 in a format
substantially identical to the format on time-multiplexed
line 45. When operating as a demultiplexer, multiplex/-
demultlplex circuit 43 transmits the data word received
in each channel on time-mutliplexed line 44 to the one
of channel circuits 37 uniquely associated with that
channel. The partlcular channel circuit 37 which 1s to
receive the channel is determined by the position of that
channel within a frame of such channels. The channel
circuit 37 then decodes the 8-bit PCM data word and
transmits the resulting analog signal to its associated
subscriber via concentrator/expander 34. Multiplex/-
demultiplex circuit 43 also includes a clock regeneration
circuit (not shown) which generates clock signals from
the signals on time-multiplexed line 44 in a manner well
known in the art. These clock signals are used to control
timing in the multiplex/demultiplex circuit 43 and trans-

mitted via a conductor 46 to the channel circuits 37 to

control the timing thereof.

As previously stated, control unit 17 controls many of
the operations performed by each of the line units. The
main processing entity of control unit 17 is a processor
66 (FIG. 3) which operates in response to instructions
stored in memory 57. Control unit 17 also includes a
control interface circuit 56 which receives instructions
from processor 66 via.a bus 59 and in response thereto,
communicates with the line units, e.g., 19 and 20 via the
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control bus 27. Control bus 27 comprises a plurality of

communication paths at least one of which is uniquely
associated with each line unit. Each line unit includes a
line unit controller which is connected to the control
bus 27. In the present embodiment, line unit 19 includes
a line unit controller 47 (FIG. 2). Most communication

between control unit 17 and line unit controller 47 is

initiated by read or write orders from control unit 17. A
read order is a direction to read some identifiable infor-
mation in line unit 19 and comprises a single bit read
indication and the address‘of the particular information
to be read. A write order is a direction to write informa-
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tion into some unit in line unit 19 and comprises a write
address, the information to be written, and a 1-bit write
code. The particular unit to be written into or read from
may be the scan controller 39, the concentrator control-
ler 40 or the high-level service circuit 41. Line unit
controller 47 partially decodes each order from control
unit 17 and directs the remainder of the order and the

read/write indicator bit to the particular unit addressed.
The particular unit addressed responds to the address
portion transmitted from control unit 17 and the read/-
write bit by reading or writing the storage location
identified by the address portion. The information read
from a particular unit in line unit 19 is returned to line
unit controller 47 and transmitted thereby to control
unit 17.

Each subscriber loop, e.g., 35 and 36, includes a scan
point 38 which indicates the DC conduction state of 1its
associated subscriber loop. Control unit 17 periodically
scans the subscriber loops associated with the sub-
scriber sets of the switching system by transmitting to
the line units of FIG. 1 read orders defining a number of

scan points to be read. In the present embodiment such
a scan order is received by line unit controller 47 which

transmits the address and read/write bit portions of the
order to scan control unit 39. The scan control unit 39
formulates a reply for control unit 17 which consists of |
the present DC conduction state of the subscriber loops
indicated by ones of scan points 38 identified in the
address portion. Control unit 17 checks the information
transmitted from scan control unit 39 to determine if
any of the subscriber sets have changed state. If, for
example, one of the subscriber sets has gone off-hook
since the last scan, it is necessary to provide a communi-
cation path from that subscriber set through concen-
trator/expander 34 to an available one of channel cir-
cuits 37. Accordingly, control unit 17 transmits a write
order to concentrator control circuit 40 which responds
thereto by connecting a subscriber set, e.g., subscriber
set 33, to a predefined output terminal of concentrator-

/expander 34. No reply is required in response to a

write order, however, it may be found that the return of
an all-seems-well signal to control unit 17 will aid in
maintaining the “sanity” of the overall system.

Time Slot Interchange Umt 11

As previously stated, the output signals of multiplex/-
demultlplex circuit 43 consist of recurring frames each
comprising 64 digital channels of 16 bits each. This
information is transmitted to a multiplex unit 60 (FIG.
3) within time-slot interchange unit 11. Multiplex circuit
60 receives the output signals from eight line units
which signals are reformatted and transmitted on an
output time-multiplexed line 62 having 512 channels for
each 125-microsecond frame. Similarly, a demultiplex
circuit 61 receives 512 channels of 16 bits each on a
tlme-multlplexed line 63 which channels are distributed
in a predetermmed arrangement to eight line units such
as line unit 19. Further, multiplex unit 60 converts in-
coming channels of information from serial to parallel
form and demultiplexer 61 converts the information it
receives from parallel to serial form. The information
transmitted in a given channel on time-multiplexed line
62 is stored in a receive time-slot interchange 50 in a
memory location uniquely associated with that given
channel.

The partlcular memory location into which a given
data word is stored is defined by time-slot designation
signals generated by time-slot counter 54. Time-slot
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counter 54 generates a recurring sequence of 512 time-
slot designations at the rate of one time-slot designation
per time slot. The particular time-slot designation gen-
erated during the time slot in which a given data word
is received defines the memory location within receive
time-slot interchange 50 which is to store that data
word. Data words are also read from receive time-siot
interchange 30 at the rate of one data word per time

slot. The memory address of the data word to be read

from receive time-slot interchange 50 during a given
time slot is obtained by reading control RAM 55. Con-
trol RAM 55 is read once per time slot at an address
defined by the time-slot designation from time-slot
counter 54 and the quantity so read is transmitted to
receive time-slot interchange 50 as the read address for
that time slot. Data words read from receive time-slot
interchange 50 are transmitted to time-multiplexed
switch 10 via a time-multiplexed line 68 and an interface
unit 89. Data words from time-multiplexed switch unit
10 are recetved by time-slot interchange unit 11 via the
mterface unit 69 and are applied to time-multiplexed
line 70. Time-multiplexed line 70 is connected to trans-
mit time-slot interchange 53 which stores the incoming
data words in a location defined by an address from
control RAM 355. Data words are read from transmit
time-slot interchange 53 at the address defined by the
time-slot counter §4. Data words so read are transmit-
ted on time-multiplexed line 63 for transmission to the
line unit 19. It should be noted that control RAM 55
may be implemented as a number of control memories
each associated with a particular circuit, e.g., transmit
time-slot interchnge 53. The particular configuration of
control memories is not important to the present inven-
tion and may vary depending on timing and circuitry
requirements within the time-slot interchange unit 11.
The general principles of time-slot interchange as per-
formed by the receive time-slot interchange 50, the
control RAM 55, the time-slot counter 54 and the trans-
mit time-slot interchange 53 are well known in the art
and are not described in greater detail herein. One ar-
rangement for reading and writing data words in time-
slot memories is described in detail in U.S. Pat. No.
4,035,584, J. W. Lurtz.

Each data word on time-multiplexed line 62 is stored
in time-slot interchange 50 as above described. In addi-
tion to storage in time-slot interchange 50 the signaling
portion (bits A through G, FIG. 6) of each data word
received by time-slot interchange unit 11 is transmitted
to a signal processor 65 which is a part of control unit 17
(FIG. 3). Signal processor 65 reduces the real time load
requirement of processor 66 by receiving and analyzing
bits A through G. For example, signal processor 65
analyzes the A-bit of each data word, which bit indi-
cates the DC state of associated subscriber set, to deter-
mine if a subscriber set has gone on-hook or if a valid
dial pulse has been sent. When an on-hook status or a
dial pulse is detected, the signal processor 65 transmits
to processor 66 a signal indicating the information ob-
tained. Processor 66 accumulates the information from
signal processor 65 and responds by exercising control
over the switching system in a manner to be described
in greater detail later herein.

The embodiment of FIG. 3 also includes a digital
service unit 67 which receives the data portion (FIG. 6)
of each data word transmitted on time-multiplexed line
62. Digital service unit 67 is used primarily to receive
and analyze tone signals from the subscribers which
have been converted by a channel circuit 37 into PCM
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signals and to transmit tones and signals in PCM format.
Digital service unit 67 comprises a memory (not shown)
which has at least 65 storage locations to receive data
portions of data words from time-multiplexed line 62.
The data portion of each data word read from time-mul-
tiplexed line 62 is written into a location of digital ser-
vice unit 67 defined by an address read from control
RAM 535. Only 64 channels can be actively transmitting
information to be utilized by the digital service unit 67.
The data words from all other channels are written into
the 65th memory location of digital service unit 67
where they are ignored. Digital service unit 67 reads the
data words so stored, determines what signals are being
recetved and communicates the identity and nature of
those signals to processor 66. Processor 66 determines
what action should be taken in response to the received
signals.

Digital service unit 67 also transmits tones to the
subscriber sets via time-multiplexed line 63 in the chan-
nel associated with that subscriber set. These tones, in
PCM form, are transmitted from digital service unit 67
to a first input port of a gating circuit 51 during the time
slot associated with the receiving subscriber. The other
Input port of gating circuit 51 is connected to receive
the data portion of each data word read from transmit
time-slot interchange 53. A gate control bit is read from
control RAM 35 and transmitted to gate circuit 51 dur-
ing each time slot to define that either the data portion
from transmit time-slot interchange 53 or the data por-
tion from digital service circuit 67 is to be transmitted to
demultiplexer 61. In the present embodiment a logical
“1” gating bit defines the digital service unit 67 as the
source of the data portion and a logical “0” defines
transmit time-slot interchange 53 as the source.

In addition to transmitting PCM encoded tones to its
associated line unit, each time-slot interchange unit can
transmit such tones toward time-multiplexed switch
unit 10. This ability exists since, as described in. greater
detail later herein, audible ring tone for an originating
subscriber is generated in the time-slot interchange unit
associated with the terminating subscriber. The incom-
ing time-multiplexed line 62 is connected as one input to
a gating circuit 52 which is the point of insertion for
tones to be transmitted toward time-multiplexed switch
unit 10. The other input of gating circuit 52 is connected
to an output terminal of the digital service unit 67. Gat-
ing circuit 52 and digital service unit 67 operate in the
manner previously described with respect to gating
circuit 51, to place tones in predefined ones of the time-
multiplexed channels on time-multiplexed line 62.

The PCM encoded representations of a given tone to
be transmitted toward time-multiplexed switch 10 are
placed in the same channel of time-multiplexed line 62
and are, accordingly, stored in the same addressable
location of receive time-slot interchange 50. In order to
apply these tones to a given channel on outgoing time-
multiplexed line 68, control RAM 55 is controlled by
processor 66 to generate the read address of the tone
storing addressable location during the time slot associ-
ated with that channel. For example, audible ring tones
may be placed in channel 512 of time-multiplexed line
62 resulting in their storage in the 512th addressable
location of receive time-slot interchange 50. Whenever
time-slot interchange unit 11 is to transmit audible ring
tone 1n a given channel, processor 66 places the address
512 1n the time-slot location of control RAM 8§55 associ-
ated with that given channel. Accordingly, each occur-
rence of the given channel will receive a PCM repre-
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sentation of audible ringing. When audible ringing is to
terminate, processor 66 changes the address stored by
control RAM 55 at the time-slot location associated
with the given channel. - |
The following is a description of the interaction of
signal processor 65, processor 66, and digital service
unit 67. It 1s assumed for this description that a sub-
scriber utilizing tone dialing has gone off-hook, and has
been assigned to a channel circuit in the manner previ-
ously described with regard to line unit 19. After a
channel circuit has been assigned, supervision is trans-
ferred to digital service unit 67 and signal processor 65.
By reading the signaling portion of the data word in the
assigned channel, signal processor 65 monitors the DC
state of the subscriber set and communicates any
changes to processor 66. Further, processor 66 via bus
59 writes a logical “1” into the gating bit position of
- control RAM 55 associated with gating circuit 51 in the
~time slot of the channel associated with the newly off-
hook subscriber. This defines that the output signals
from digital service unit 67 are to be transmitted to

- demultiplexer 61 via gating circuit 51 during the time

slot associated with the newly off-hook subscriber. Ad-
dltmnally, processor 66, via bus 59; instructs digital

- service unit 67 to read from its internal storage the PCM
~ representation of dial tone dunng the time slot associ-

~ated with the newly off-hook subscriber. Accordlngly,

. the dial tone is transmitted to-demultiplexer 61 in the
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- channel associated with the newly off-hook subscriber.

Processor 66 also instructs digital service unit 67 to
 accumulate the data portxon of each channel on time-

‘multiplexed line 62 which is associated with the newly

“off-hook subscriber. In this manner dialed digits will be

“detected by digital service unit 67. Information regard-
ing dialed dlglts and DC status of the particular sub-
scriber set is transmitted to processor 66 which termi-
nates the transmission of dial tone and continues to
accumulate dialed digits.

Cori'trol Information Communication

The primary mode of control information exchange
in the present embodiment comprises the transmission
of control messages from a source time-slot interchange
unit through time-multiplexed switch 10, control word
switch 300 and back through time-multiplexed switch
10 to a destination time-slot interchange unit or to cen-
tral control 230. The primary mode of control informa-

tion exchange also includes the transmission of control

messages from central control 230 through time-multi-
plexed switch 10, control word switch 300 and back
through time-multiplexed switch 10 to a destination
time-slot interchange unit. A secondary mode of com-
munication is also used whereby control information
with regard to a given call is fransmitted from the
source time-slot interchange unit to the destination
time-slot interchange unit via time-multiplexed switch
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10 utilizing the time slot assigned for that call. In the

present embodiment, the E-bit position of the data word
in the call time slot is used for the secondary mode
communication. However, it can be seen that any or all
of the signaling bits could be used in this secondary
communication mode. In the present embodiment, the
E-bit serves the dual purposes of communication path
continuity check and signal acknowledgment. Control
RAM 55 includes an E-bit position in each of its 512
storage locations. During the course of a call, processor
66 controls the digit stored in the E-bit position of each
storage location of control RAM 55 associated with the
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call. As control RAM 55 transmits addresses defining
data words to be read from receive time-slot inter-
change 50, it transmits the stored E-bit on time-multi-
plexed line 68 in place of the E-bit stored in receive
time-slot interchange 50. This allows the transmission of
messages utilizing the E-bit channel between time-slot
mnterchange units. The arrangement in FIG. 3 also in-
cludes an E-bit accumulator 48 which receives the E-bit
of each data word received on time-multiplexed line 70.
These E-bits are transmitted to an E-bit check circuit
192 by E-bit accumulator 48. E-bit check circuit 192
responds to instructions from processor 66 on conduc-
tor 195 to transmit output signals relating to the E-bits
of selected data words to processor 66. For example,
during communication path establishment, processor 66
instructs E-bit check circuit 192 to survey the E-bit
position of a particular channel and to notify processor
66 if a logical “1” is received within a predetermined
period of time. FIG. 8 is a flow diagram of the function
performed by E-bit check circuit 192. When no logical:
“1” E-bit is found in the specified channel within the
predetermined period of time, a discontinuity signal
indicating this fact is transmitted to processor 66 via
conductor 193. Alternatively, when such a logical “1”
is found by E-bit check circuit 192 within the time per-
10d, 2 continuity signal is transmitted to processor 66 via

- conductor 194. The E-bit check circuit 192 also surveys

the E-bit of each active call. When the E-bit of an active

- call becomes a logical “0” and stays such for a fixed

period of time, the above-mentioned discontinuity sig-
nal is transmitted to its associated processor 66. Any
processor 66 receiving a discontinuity signal transmits a
control message to central control 230 1nd1catmg this
fact.

FI1G. 9 shows the pOI‘tIOIl of E-bit check circuit 192
associated with one incoming channel, i.e., communica-
tion path. A timer 196 begins to count in response to an
instruction from processor 66 on conductor 195. When
the predetermined period of time has passed since the
instruction was received from processor 66 timer 196
transmits a logical ““1” on conductor 197 which is con-
nected as one input of AND gate 199, the output of
which is connected to conductor 193. Continuity signal
generator 198 receives the E-bit position of the associ-
ated channel and generates a logical “1” output on
conductor 194 in response to a logical *“1” E-bit. The
logical “1” on conductor 194 is continuously applied
until a logical “0” E-bit is found by continuity signal
generator 198. The output signals from continuity signal
generator 198 are also inverted and applied to an input
of AND gate 199. Accordingly, when timer 196 gener-
ates its logical “1” output, it will be applied as a discon-
tinuity signal to conductor 193 via AND gate 199 when
continuity signal generator 198 is generating a logical
“0” output, indicating that no E-bits have been re-
ceived. Alternatively, whenever continuity signal gen-
erator 198 is generating a logical “1” output, the signal
on conductor 193 is forced to a logical “0” while the
logical “1”” continuity signal i1s transmitted on conduc-
tor 194. It should be noted that the functions of the E-bit
check circuit may be advantageously performed by
processor 66, thus, making the separate E-bit check
circuit 192 unnecessary.

The following is a description of the primary mode of
communication between the various control entities of
the switching system. As an example consider that pro-
cessor 66 of the control umit 17, as part of a call setup
sequence, determines that a given control message must
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be conveyed to control unit 18. Processor 66 stores the
given control message in memory 37. Processor 66 then
transmits a START command via bus 59 to a DMA
transmit control circuit 701, which command indicates
that a control message is to be transmitted via control
channel 61 to time-slot interchange unit 12 and 1ts asso-
ciated control unit 18. Processor 66 also notifies circuit
701 that the given control message includes a certain
number of control message control words. Circuit 701
has five operating states as shown in the state diagram
of FIG. 10. Assuming that circuit 701 is in the READY
state, i.e. it is not involved in transmitting another con-
trol message, it changes to the SETUP state in response
to the START command and transmits a given circuit
setup request control word by means of a path 704 to a
control word source register 80 (FIG. 4) in interface
unit 69. The circuit setup request control word is de-
fined as such by having its definition field X2=01 (FIG.
11) and has in its information field X1 the binary equiva-
lent of 61, the destination control channel number. The
circuit setup request control word is inserted in time slot
TS 1 of time-multiplexed line 13 by interface unit 69,
described in detail later herein. By operation of time-
multiplexed switch 10, the circuit setup request control
word is transmitted to control word switch 300 in time
slot TS 1 of time-multiplexed line 301. Control word
switch 300, which also is described in detail later herein,
receives the circuit setup request control word and
determines based on a stored bit whether control chan-
nel 61 to time-slot interchange unit 12 is busy or idie. If
the destination control channel 61 is busy, control word
switch 300 transmits a circuit busy status signal by In-
serting a status field R2=11 in the next control word
transmitted in time slot TS 1 of time-multiplexed line
302. That control word is transmitted in time-slot TS 1
of time-multiplexed line 15 by time-multiplexed switch
10 and is received by interface unit 69 and stored in a
control word destination register 92 (FIG. 4). The con-
trol word stored in register 92 is transmitted via a path
705 to a DMA receive control circuit 702, which ex-
tracts bits B and C comprising status field R2, and trans-
mits those bits via path 706 to circuit 701. Upon receipt
of the status field R2=11, i.e., the circuit busy status
signal, circuit 701 remains in the SETUP state (FI1G. 10)
and retransmits the given circuit setup request control
word to control word source register 80 in interface
unit 69, and the word is inserted in time slot TS 1 of
time-multiplexed line 13 as before. This process repeats
and control word switch 300 repetitively receives the
given circuit setup request control words until the con-
trol channel 61 to time-slot interchange unit 12 becomes
~idle, at which time control word switch 300 stores the
binary equivalent of 61 in a memory location associated
with channel 1 of time-multiplexed line 301 and trans-
mits circuit set status signals to time-siot interchange
units 11 and 12. Control word source 300 transmits the
circuit set status signal to time-slot interchange unit 12
by including the status field R3=10 (FIG. 12) in a con-
trol word transmitted in control channel 61. The opera-
tion of a destination time-slot interchange unit and its
associated control unit in response to status signals and
control message control words is described later herein.
Control word switch 300 transmits the circuit set status
signal to time-slot interchange unit 11 by including the
status field R2=10 (FIG. 12) in a control word trans-
mitted in control channel 1. The control word is re-
ceived by circuit 702, and the bits of status field R2 are
extracted and transmitted via path 706 to circuit 701.
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Upon receipt of the status field R2=10, i.e,, the circuit
set status signal, circuit 701 changes to the TRANS-
FER state (FIG. 10) and transmits a signal to a direct
memory access (DMA) unit 703, of a type well known
in the art, which, in response to the signal, begins read-
ing the control message control words which comprise
the given control message stored in memory 57 and
transmitting those control message control words on
path 704 via circuit 701 at the rate of one per frame. The
control message control words are then transmitted
from interface unit 69 to control word switch 300 in
control channel 1. Each of the control message control
words is identified as such by having a definition field
X2 =00 (FIG. 11). Control word switch 300 then trans-
mits each control message control word received in
control channel 1, to time-slot interchange unit 12 in
control channel 61 based on the content of the memory
location associated with incoming channel 1. Recall
that processor 66 notified circuit 701 that the given
control message included a certain number of control
message control words. When the entire control mes-
sage has been transmitted, circuit 701 changes to the
DISCONNECT state (FIG. 10) and transmits a circuit
disconnect request control word, identified as such by
having a definition field X2=11 (FIG. 11), on path 704.
The circuit disconnect request control word is transmit-
ted from interface unit 69 to control word switch 300 in
control channel 1. Control word switch 300 stores bits
indicating the active/idle status of each incoming con-
trol channel and the busy/idle status of each outgoing
control channel. Upon receipt of the circuit disconnect
request control word, control word switch 300 marks
incoming control channel 1 and outgoing control chan-
nel 61 as idle and transmits circuit disconnect status
signals to time-slot interchange units 11 and 12 by in-
cluding a status field R2=01 in the next control word
transmitted in control channel 1 and by including a
status field R3=01 in the next control word transmitted
in control channel 61. Upon receipt of the circuit dis-
connect status signal, circuit 701 returns to the READY
state (FIG. 10) where it is available to transmit another
control message.

When circuit 701 is in the SETUP state or the
TRANSFER state, processor 66 may terminate the
control message transmission by transmitting a RESET
command via bus 59 to circuit 701 if, for example, the
given control message stored in memory 57 is 1n error.
Circuit 701 responds to this RESET command by
changing to the CLEAR state (FIG. 10) and transmit-
ting a circuit clear request control word, identified as
such by having a definition field X2=10 (FIG. 11), on
path 704. The circuit clear request control word is
transmitted from interface unit 69 to control word
switch 300 in control channel 1. Upon receipt of the
circuit clear request control word, control word switch
300 marks incoming control channel 1 and outgoing
control channel 61 as idle and transmits circuit clear
status signals to time-slot interchange units 11 and 12 by
including a status field R2=00 (FIG. 12) in the next
control word transmitted in control channel 1 and by
including a status field R3=00 in the next control word
transmitted in control channel 61. Upon receipt of the
circuit clear status signal in control channel 1, circuit
701 returns to the READY state. Note that if circuit 701
remains in either the CLEAR state or the DISCON:-
NECT state because of a failure to receive the appropri-
ate circuit clear or circuit disconnect status signals,
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processor 66 can transmit a RESET command via bus
59 to return circuit 701 to the READY state.

‘The operation of a destination time-slot interchange
unit and its associated control unit in response to status

signals and control message control words is described

by considering that time-slot interchange unit 11 is the
destination of a control message from one of the other
time-slot interchange units or from central control 230.
By the operation of time-multiplexed switch 10, each
control word transmitted in channel 1 on time-multi-
plexed line 302 is in turn transmitted in channel 1 on
time-multiplexed line 15 to interface unit 69, where it is
stored in control word destination register 92 (FIG. 4)
and conveyed via path 705 to DMA receive control
circuit 702. Circuit 702 detects circuit set, circuit dis-
connect and circuit clear status signals based upon the
status field R3 of each received control word. The
receipt of a circuit set status signal indicates that the
control message control words which comprise a con-

‘trol message will be transmitted in channel 1 on time-
- multiplexed line 15 and in turn conveyed via path 705 to

‘circuit 702. Therefore, circuit 702 notifies DMA unit
703 of the incoming control message and each control

“word subsequently received on path 705 is conveyed
via' circuit 702 and DMA unit 703 to memory 57 for
storage therein. When circuit 702 detects a circuit dis-
connect status signal, it notifies processor 66 via bus 39
that a complete control message has been stored in
“memory 57 and processor 66 can then read and process

- the stored. control ‘message. However, if circuit 702

~ detects a circuit clear status signal rather than a circuit
disconnect status signal, it notifies processor 66 via bus
59 that the control message control words stored in
- memory 57 should be disregarded. |

The previous example described the arrangement
comprising DMA transmit control circuit 701, DMA
receive control circuit 702, DMA unit 703, and paths
704 and 705 with respect to control channel 1 on time-
multiplexed lines 13 and 15. A substantially identical
arrangement comprising a DMA transmit control cir-
cuit 751, 2 DMA receive control circuit 752, a DMA
unit 753 and paths 754 and 755 is used with respect to
control channel 2 on time-multiplexed lines 14 and 16.

Interface unit 69, which is shown in detail in FIG. 4,
includes a multiplex/demultiplex circuit 75 and two link
interfaces 78 and 79. Multiplex/demultiplex circuit 75 1s
connected to receive data words from the receive time-

slot interchange 50 via time-multiplexed line 68 and to

transmit data words to transmit time-slot interchange 53
via time-multiplexed line 70. Recall that both time-mul-
tiplexed lines 68 and 70 convey data words at the rate of
512 channels per 125-microsecond frame. Multiplex/-
demultiplex circuit 75 splits the information received on
time-multiplexed line 68 into two time-multiplexed lines
76 and 77 by transmitting the data words in each even-
numbered channel on time-multiplexed line 77 and by
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transmitting each odd-numbered channel on time-multi- |

plexed line 76. Each of the time-multiplexed lines 76 and
77 thus conveys information at the rate of 256 channels
per frame. Additionally, multiplex/demuitiplex circuit
75 combines the information on two 256-channel time-
multiplexed lines 85 and 86 onto the 512-channel time-
multiplexed line 70. This combination occurs by alter-
natingly transmitting the data words from time-multi-
plexed lines 85 and 86 such that the data words from
time-multiplexed line 85 are transmitted in the odd-
numbered channels of time-multiplexed-line 70 while
data words from time-multiplexed line 86 are transmit-
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ted in even-numbered channels. In the present embodi-
ment, time-multiplexed lines 76 and 85 are connected to
link interface 78, and time-multiplexed lines 77 and 86
are connected to link interface 79. It should be noted
that time-slot interchange unit 11 operates on the basis
of 512 time slots {channels) per frame while the link
interfaces 78 and 79 and the time-multiplexed switch 10

operate on the basis of 256 time slots (channels) per
frame. Further, the channels of data words received
from and transmitted to time-slot interchange unit 11
are in complete synchronism. That is, whenever a chan-
nel having a given numerical designation is received by
link interface 78 from time-slot interchange unit 11,
both link interfaces 78 and 79 will be receiving and
transmitting channels having the same numerical desig-
nation with respect to the time-slot interchange unit 11.
In order to maintain synchronism after the split, all
odd-numbered channels on time-multiplexed line 68 are
delayed by multiplex/demultiplex circuit 75 so that the

odd-numbered channel and the immediately following
even-numbered channel are transmitted on a respective

one of time-multiplexed lines 76 and 77 substantially
simultaneously. Similarly, each data word from link
interface 79 on time-multiplexed line 86 is delayed by
multiplex/demultiplex circuit 75 such that it is transmit-
ted on time-multiplexed line 70 immediately after the
data word received by multiplex/demultiplexer circuit
75 substantially simultaneously therewith. In the course
of the following description, the time slot of a given
data word refers to its time slot with respect to link
interfaces 78 and 79 and time-multiplexed switch 10.
For example, data words from channels 1 and 2 of time-
multiplexed line 68 are both associated with time slot
TS 1 of link interfaces 78 and 79 and time-multiplexed

swiich 10. Each of the link interface units 78 and 79 is

uniquely associated with one input/output port pair of
time-multiplexed switch 10.

Link Interface 78

Link interface 78 (FIG. 4) includes a receiver 82
which receives data words transmitted serially from
time-multiplexed switch 10 via time-multiplexed line 15
and serially retransmits this information on a conductor
83. A clock recovery circuit 84 receives the incoming
bit stream by connection to conductor 83 and recovers
a 32.768-megahertz clock signal therefrom. This clock
signal is used to provide timing for link interface circuit
78. For reasons to be described in greater detail later
herein, the information received on time-multiplexed
line 18 is not necessarily in channel synchronization
with that transmitted on time-multiplexed line 13. In
order to achieve channel synchronism between the data
words on time-multiplexed lines 76 and 85, the incom-
ing data words on conductor 83 are buffered in a ran-
dom access memory circuit 87. The data words on
conductor 83 are written into random access memory
87, at a location defined by a write address generator 88.
Write address generator 88 receives a 2.048-megahertz
clock signal from clock recovery circuit 84 and in re-
sponse thereto generates a recurring sequence of 256
write addresses in synchronism with the incoming data
words on conductor 83. Data words are read from
random access memory 87 for transmission to time-slot
interchange unit 11 at locations defined by a read ad-
dress generator 89 which generates a recurring se-
quence of 256 read addresses. The read addresses are
derived from information received from an offset cir-
cuit 90. Offset circuit 90 receives the write addresses



4,484,324

19

generated by write address generator 88, and effectively
subtracts a predetermined number therefrom. The re-
sult of this subtraction is then transmitted to read ad-
dress generator 89. In this manner, read address genera-
tor 89 generates a sequence of read addresses which is a
predetermined number of addresses behind those gener-
ated by write address generator 88. In the present em-
bodiment, read address generator 89 is approximately
one-fourth of a frame (64 time slots) behind the ad-
dresses generated by write address generator 88.

Link interfaces 78 and 79 of interface unit 69 operate
in a master-slave mode to maintain channel synchro-
nism. In the present embodiment, link interface 78 is the
master and continues to operate in the manner described
above. The read address generator of link interface 79
15, however, driven by read addresses from read address
generator 89 of link interface 78. It should be noted that,
due to possible differences in the length of time-multi-
plexed lines 15 and 16, more or less than one-quarter
frame of information may separate the write addresses
and read addresses utilized in link interface 79. This
occurs since the data words transmitted on time-multi-
plexed lines 85 and 86 are in channel synchronism while
no such synchronism is required on time-multiplexed
lines 15 and 16. |

The same channel is used in a given link interface to
both transmit and receive control words. The particular
channel used by a given link interface, e.g., link inter-
face 78, to convey control words is preset and stored in
a control channel register 81. Each read address gener-
ated by read address generator 89 is transmitted to a
comparator 91 which compares that read address to the
preset control channel designation stored in control
channel register 81. When comparator 91 determines
that the instant read address is identical to the control
channel designation, it generates a gating signal which
1s transmitted to control word source register 80 and to
control word destination register 92. Control word
destination register 92, in response to the gating signal
from comparator 91, stores the information on time-
multiplexed line 85. During that particular channel, the
information on time-multiplexed line 85 comprises the
contents of the control channel to be utilized by the
control unit 17. The contents of control word destina-
tion register 92 are transmitted to DMA receive control
circuit 702 before the next control channel. Similarly,
control word source register 80 responds to the gating
signal from comparator 91 by gating its contents out to
time-multiplexed line 76, thus transmitting the control
word. Control words are transmitted and received by
link interface 79 in a substantially similar manner, how-
ever, the particular control channel designation associ-
ated with link interface 79, channel 2, is different than
that associated with link interface 78, channel 1.

The read addresses generated by read address genera-
tor 89 are also transmitted to a frame sequence genera-
tor 93. Frame sequence generator 93 responds thereto
by generating 4 unique sequence of framing bits at the
rate of one bit per channel. During each channel, the bit
generated by the frame sequence generator 93 is trans-
mitted to a frame insert circuit 94 which places the
framing bit into the D-bit location of the data word
from time-slot interchange unit 11. The data word in-
cluding this framing bit is then transmitted via a paral-
lel-serial register 95 and a driver circuit 96 to time-mul-
tiplexed line 13 which is connected to a unique input
port of time-multiplexed switch 10. Each data word
received by link interface 78 on time-multiplexed line 15
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includes a framing bit which is generated and transmit-
ted by the time-multiplexed switch 10. A frame checker
97 reads each framing bit of each data word from time-
multiplexed switch 10 and determines if the communi-
cation between time-multiplexed switch 10 and itself is
still in synchronism. If synchronism exists, no correc-
tions are made; however, if synchronism is found not to
exist, reframing is accomplished by communication
with clock recovery circuit 84 in a manner well known
in the art.

Central Control 230

Central control 230, an illustrative embodiment of
which is shown in FIG. 7, transmits and receives con-
trol words via time-multiplexed switch 10 and control
word switch 300 in a manner similar to that of each of
the control units, e.g., 17. However, whereas control
unit 17 has access to two control channels, channel 1 at
Input/output port pair P1 and channel 2 at input/output
port pair P2, central control 230 has access in this em-
bodiment to nine control channels, 63 through 71 at
Input/output port pair P63. Central control 230 is con-

nected to input/output port P63 by two 256-channel

time-multiplexed lines 201 and 202, although channels
63 through 71 are the only channels on those lines that
are actively used. Central control 230 includes a link
interface 231 which is functionally similar to link inter-
face 78 (FIG. 4) but which includes nine arrangements
similar to that of control channel register 81, compare
circuit 91, control word destination register 92 and
control word source register 80 to insert control words
in time slots TS 63 through TS 71 on time-multiplexed
line 201 and to extract control words from time slots TS
63 through TS 71 on time-multiplexed line 202. Central
control 230 also includes a processor 240 and a memory
241 interconnected by a bus 249 as well as nine arrange-
ments for controlling the transmission and receipt of
control messages, only the arrangement comprising a
DMA transmit control circuit 251, a DMA receive
control circuit 252, a DMA unit 253 and paths 254 and
255 and the arrangement comprising a DMA transmit
control circuit 261, a DMA receive control circuit 262,
a DMA unit 263 and paths 264 and 265 being specifi-
cally shown in FIG. 7. Each of the nine arrangements is
substantially identical to the arrangement of DMA
transmit control circuit 701, DMA receive control cir-
cuit 702, DMA unit 703 and paths 704 and 705 of con-
trol unit 17 (FIG. 3) and 1s not further described herein.
Processor 240 controls the operation of time-multi-

plexed switch 10 by communicating to a control mem-
ory 29 (FIG. 1) via bus 249.

Time-Multiplexed Switch 10

The mput and output ports of time-multiplexed
switch 10 can be considered in pairs for both ports are
connected to the same link interface. Further, each pair
of input and output ports of the time-multiplexed switch
10 is connected to a time-multiplexed switch link inter-
face of a type similar to link interfaces 78 and 79. In the
present embodiment, link interface 78 is connected to a
time-multiplexed switch link interface 100 (FIG. 5).
Time-multiplexed switch link interface 100 includes a
receiver 101 which receives data words from time-mul-
tiplexed line 13 and transmits these data words to a
serial-paraliel register 102 via a time-multiplexed line
103. The bit stream from time-multiplexed line 103 is
also applied to a clock recovery circuit 104 and a frame
check circuit 105 which derive clock signals therefrom
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and determine if frame synchronism is present, respec-
tively. Time-multiplexed switch link interface 100 fur-
ther includes a write address generator 106 which gen-
erates a sequence of write addresses in response to sig-
nals from clock recovery circuit 104. Each data word
transmitted to serial-parallel register 102 is then written
into a random access memory 107 at the address gener-
ated by write address generator 106. |
Time-multiplexed switch 10 also includes the time-
shared space division switch 108 which operates in
frames of 256 time slots of approximately 488 nanosec-
onds each to complete paths among its input and output
ports. Control information defining the switching path
between the input and output ports to be connected
during each time slot is stored in control memory 29
- (FIG. 1) which is read each time slot to establish those
connections. Recall that each time slot has a numerical
designation and that during a given time slot the data
word channel having the same numerical designation is
to be switched. Accordingly, all data words in a chan-
nel having a given numerical designation must be trans-
mitted to time-shared space division switch 108 during
their associated time slot to avoid inaccurate switching.
To this end, time-multiplexed switch 10 includes a mas-
ter clock circuit 109 for generating a recurring sequence
of 256 read addresses which are transmitted to each
random access memory of each time-multiplexed
switch link interface substantially simultaneously. Ac-
cordingly, random access memory 107 and the equiva-
lent random access memories included in all other time-
multiplexed switch link interfaces read a data word
associated with the same time slot at substantially the
same time. In the present embodiment, the data words
read from random access memory 107 are transmitted
to a parallel-serial shift register 110 from which they are
transmitted to time-shared space division switch 108.
All data words to be transmitted on time-multiplexed
~line 15 to link interface 78 are received from the time-
shared space division switch 108 on a conductor 11
within one time slot of their transmission into time-
shared space division switch 108. Time-multiplexed
switch link interface 100 includes a frame sequence
generator 112 which generates a sequence of framing
bits at the rate of one bit per time slot. The framing bits
are transmitted to a frame insert circuit 113 which
places the frame bit in bit position D of each data word
on conductor 111. Each data word on conductor 111 is

then transmitted via driver circuit 114 to link interface

78 via time-multiplexed line 15.

Control Word Switch 300

Each control word is transmitted by time-multi-
plexed switch 10 to control word switch 300 (FIG. 1)
via 256-channel time-multiplexed line 301. Similarly
control words are transmitted from control word
switch 300 to time-multiplexed switch 10 via 256-chan-
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nel time-multiplexed line 302. Lines 301 and 302 are

connected to input/output port pair P64. Control word
switch 300 (FIGS. 13 through 16 arranged in accor-
dance with FIG. 17) includes a link interface 303 which
1s substantially identical to link interface 78 (FIG. 4) but
does not contain the control word source register 80,
the control channel register 81, the compare circuit 91
or the control word destination register 92 since the
functions performed by these circuits are not required in
control word switch 300. Each control word received
on time-multiplexed line 301 is transmitted in parallel
from link interface 303 via a path 305 to be stored in a
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latch 321. Similarly control word stored in a latch 389
are conveyed in parallel via a path 307 to link interface
303, and in turn are serially transmitted by link interface
303 on time-multiplexed line 302. Link interface 303
includes a clock recovery circuit (not shown) which
derives 32.768-megahertz and 8-kilohertz clock signals
from the bit stream on line 301. These clock signals are
transmitted via a path 308 to a timing circuit 310 and to
two time-slot counters 311 and 312. Timing circuit 310
transmits timing signals on conductors R, W, tg, t1 and
t2 (FIG. 18), which signals are used throughout control
word switch 300 as described later herein. Time-slot
counter 311 transmits on path TSC1 a recurring se-
quence of 256 time-slot designations associated with the
incoming control channels on path 305. Similarly time-
slot counter 312 transmits on path TSC2 a recurring
sequence of 256 time-slot designations which define
outgoing control channels on path 307. The relationship
between the time-slot designations transmitted by time-
slot counters 311 and 312 is fixed since both counters
311 and 312 are driven by the clock signals on path 308.
The portion of control word switch 300 excluding link
interface 303 is referred to herein as a control word
routing circuit.

Control word switch 300 performs its required func-
tions by appropriately writing into and reading from six
memories 350, 355, 360, 365, 370 and 380. Address
memory 350 and incoming channel status memory 355
each comprise 256 locations, each location being associ-
ated with one of the 256 channels on incoming path 305.
Each location of address memory 350 includes eight bits
for storing an address which defines one of the 256
channels on outgoing path 307. The defined channel is
the destination for control message control words re-
ceived in the incoming control channel associated with
that memory 350 location. Incoming channel status
memory 355 stores a single bit in each of its 256 loca-
tions defining the active/idle status of the associated
incoming channel (0=idle, 1=active). Outgoing field
R1 memory 360, outgoing field R2 memory 365, outgo-
ing field R3 memory 370 and outgoing channel status
memory 380 each include 256 locations, each location
being associated with one of the 256 channels on outgo-
ing path 307. Memory 360 comprises 8-bit locations
used to store the information field R1 (FIG. 12) of each
of the control channels to be transmitted on outgoing
path 307. Similarly memories 365 and 370 each com-
prise 2-bit locations storing fields R2 and R3, respec-
tively, for each outgoing control channel. Each control
word transmitted on path 307 includes the fields R1, R2
and R3 read from the locations of memories 360, 365
and 370 associated with the outgoing control channel
defined by time-slot counter 312. Outgoing channel
status memory 380 stores a single bit in each of its 256
locations defining the busy/idle status of each outgoing
control channel on path 307 (O=idle, 1=busy). The
contents of each of the memories 350, 355, 360, 365, 370
and 380 are read at the memory DATA OUT ports
from locations defined by signals received at the mem-
ory ADDRESS ports when timing circuit 310 transmits
a logic one signal via conductor R (FIG. 8) to the mem-
ory READ control terminals during the first half of
each approximately 488-nanosecond time slot. Informa-
tion received at the memory DATA IN ports can be
stored in the memory locations defined by signals re-
ceived at the memory ADDRESS ports during the
second half of each time slot, but such information is
stored in a given memory only 1if a logic one memory



4,484,324

23

write signal is transmitted via the appropriate one of
four conductors W1, W2, W3 and W4 to the WRITE
control terminal of the given memory.

Recall that each control word received on time-mul-
tiplexed line 301 includes an information field X1 and a

5

definition field X2 and that field X2 defines the control

word as a control message control word, a circuit setup
request control word, a circuit clear request control
word or a circuit disconnect request control word. Also
recall that the information field X1 of a circuit setup
request control word contains the address defining the
requested outgoing control channel. When a control
word in a given incoming control channel on path 305
is determined to be a circuit setup request control word,
the active/idle status bit stored in the memory 3835 loca-
tion associated with the given incoming control channel
and the busy/idle status bit stored in the memory 380
location associated with the requested outgoing control
channel are read. If both status bits indicate an idle
status, the given incoming control channel and the re-
quested outgoing control channel can be coupled for
communication. Information field X1 comprising the
address of the requested outgoing control channel i1s
stored in the memory 350 location associated with the
given incoming control channel. The status bits in mem-
ory 355 and 380 are changed to indicate that the given
incoming control channel is active and that the re-
quested outgoing control channel is busy. In addition
characters are stored in the memory 365 location associ-
ated with the given incoming control channel and the
memory 370 location associated with the requested
outgoing control channel. The character stored in mem-
ory 365 will be inserted in field R2 of the outgoing
control channel having the same number as the given
incoming control channel, as the circuit set status signal
to the originating communication unit (one of the time-
slot interchange units or central control 230). The char-
acter stored in memory 370 will be inserted in field R3
of the requested outgoing control channel as the circuit
set status signal to the destination communication unit.

‘However, if the memory 355 and the memory 380
status bits read in response to the circuit setup request
control word indicate that although the given incoming
control channel is idle, the requested outgoing control
channel is busy, nothing is written into memories 350,
355, 370 and 380 but a character is stored in memory 3635
to be inserted in the outgoing control channel to the
originating communication unit as the circuit busy sta-
tus signal.

Once the given incoming control channel and the
requested outgoing control channel have been coupled
for communication, information field X1 of each con-
trol message control word received in the given incom-
ing control channel on path 305 is stored in the memory
360 location associated with the requested outgoing
control channel as defined by the address stored in
memory 350 in response to the circuit setup request
control word. Each such stored field is subsequently
inserted in information field R1 of the requested outgo-
ing control channel on path 307.

When a circuit disconnect request control word 1is
received in the given incoming control channel on path
305, the status bits in memories 355 and 380 are changed
to indicate that the given incoming control channel and
the requested outgoing control channel are again idle
and characters are stored in memories 365 and 370 to be
inserted as the circuit disconnect status signals in outgo-

10

15

20

25

30

35

45

50

55

60

635

ing control channels to the originating and destination

24

communication units, respectively. The response to a
circuit clear request control word is identical to that for
a circuit disconnect request control word except that
different characters are stored in memories 365 and 370
to be used as the circuit clear status signals.

As a reliability measure, control message control
words, circuit disconnect request control words and
circuit clear request control words received in the given
incoming control channel on path 308 are ignored un-
less the status bit for that channel stored in memory 385
indicates an active status.

The operation of control word switch 300 is de-
scribed in more detail with reference to an example
wherein incoming control channel 7 and outgoing con-
trol channel 23 are coupled for control message com-
munication. Each control word received on incoming
path 305 is stored in a latch 321 when timing circuit 310
generates a logic one signal on conductor tpat a time
during the second half of each time slot (FIG. 13) The
definition field X2 of each control word stored in latch
321 is transmitted via a path X2 to a 1-out-of-4 decoder
322. When a given control word, received in incoming
control channel 7 on path 305 and stored in latch 321, 1s
a circuit setup request control word, defined as such by
having its definition field X2=01 (FIG. 11), decoder
322 transmits a logic one signal on a conductor CSRCW
to one input terminal of an AND gate 324. The time-slot
designations transmitted by time-slot counter 311 on
path TCS1 are received at the ADDRESS port of in-
coming channel status memory 355. The bit stored in
the location of memory 355 defined by the time-slot
designation of time-slot counter 311 is read at the mem-
ory 355 DATA OUT port and stored in latch 356 when
timing circuit 310 transmits a logic one signal to latch
356 on conductor tj at a time during the first half of the
time slot (FIG. 18). The bit stored in latch 356 1s trans-
mitted via conductor BB to an inverter 327 having its
output terminal connected to the other input terminal of
AND gate 324. If the bit stored in latch 356 indicates
that incoming control channel 7 is idle, 1.e., the stored
bit is a logic zero, AND gate 324 transmits a logic one
signal on a conductor Y. A logic one signal on conduc-
tor Y indicates that the control word stored in latch 321
is a circuit setup request control word and that the
incoming channel in which that control word was re-
ceived is presently an idle channel.

In accordance with the present example, the informa-

‘tion field X1 (FIG. 11) of the circuit setup request con-

trol word stored in latch 321 contains the address or
designation of outgoing control channel 23, in which
control message control words subsequently received in
incoming control channel 7 are to be transmitted. In
other words, the circuit setup request control word
indicates a request that incoming control channel 7 be
coupled for communication with outgoing control
channel 23. Field X1 is conveyed via path X1i to an
address selector 382. Address selector 382 operates as
follows. When a leogic one signal is transmitted by an
OR gate 383 to address selector 382, the address present
on a path CC is transmitted to the memory 380 AD-
DRESS port. However, when a logic one signal 1s
transmitted to address selector 382 on conductor Y, the
address present on path X1 is transmitted to the mem-
ory 380 ADDRESS port. Accordingly, since the con-
trol word stored in latch 321 is a circuit setup request
control word and since incoming control channel 7 1s
presently idle, a logic one signal is present on conductor
Y and the information field X1 stored in latch 321,
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which contains the binary equivalent of 23, is conveyed
via path X1 and address selector 382 to the memory 380
ADDRESS port. The bit stored in memory 380 loca-
tion 23 is read at the memory 380 DATA OUT port and
stored in latch 381 when timing circuit 310 transmits a
logic one signal to latch 381 on conductor t at a time
during the first half of the time slot but after the trans-
mission of the logic one signal on conductor t; (FIG.
18). The bit stored in latch 381 is transmitted via con-
ductor AA to a marking control circuit 340 and to an
inverter 338, having its output terminal connected to
one input terminal of an AND gate 333 and to one input
terminal of a three-input AND gate 337. The logic one
signal on conductor Y is received at the other input
terminal of AND gate 333. If the bit stored in latch 381
indicates that outgoing control channel 23 is idle, i.e,
the stored bit is a logic zero, AND gates 333 transmits
a logic one signal to one input terminal of a three-input
OR gate 334, which in turn transmits a logic one signal
to one input terminal of an AND gate 335. The logic
one signal on conductor Y is transmitted to one input
terminal of a three-input OR gate 331, which in turn
transmits a logic one signal to one input terminal of an
- AND gate 332. The logic one signal on conductor Y is
" also transmitted to a second input terminal of AND gate
' 337. When timing circuit 310 transmits a logic one sig-
nal on conductor W to the other input terminal of AND
gate 332, to the other input terminal of AND gate 335
and to a third input terminal of AND gate 337 during
the second half of the approximately 488-nanosecond
time slot (FIG. 18), AND gate 332 transmits a logic one
memory write signal on conductor W1 to the memory
365 WRITE control terminal, AND gate 335 transmits
a logic one memory write signal on conductor W2 to
the WRITE control terminals of memories 355, 370 and
380 and AND gate 337 transmits a logic one memory
write signal on conductor W4 to the memory 350
WRITE control terminal. Accordingly, in the present
example when the control word stored in latch 321 is a
circuit setup request control word and both incoming
control channel 7 and outgoing control channel 23 are
idle, certain information is to be written into memories
350, 355, 365, 370 and 380 during the second half of the
time slot. The memory 350 location and the memory
355 location to be written into are both location 7, as
" determined by the time-slot designation transmitted by
time-slot counter 311, which designation is also trans-
mitted via path TSC1 to an address selector 367. Since
a logic one signal is transmitted on conductor W1 to
address selector 367, the designation on path TSC1 1s
conveyed to the memory 365 ADDRESS port. Ac-
cordingly the memory 365 location to be written into 1s
also location 7. The information field X1 stored in latch
321 is conveyed via path X1 to address selectors 372
and 382. Since the logic one signals on conductors Y
and W are transmitted to the input terminals of an AND
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to the memory 350 DATA IN port, and by the output
signals transmitted by marking control circuit 340 on
conductor MCC1, paths MCC2 and MCCJ3 and con-
ductor MCC4 to the DATA IN ports of memories 355,
365, 370 and 380, respectively. The binary equivalent of
23, the destination control channel number, is stored in
location 7 of memory 350 to be used for routing control
message control words subsequently received in control
channel 7 on path 305. The operation of marking con-
trol circuit 340 is defined in FIG. 19. Recall that a logic
one signal is present on conductor Y and a logic zero
signal is present on conductor AA. Therefore, marking
control circuit 340 transmits logic one signals on con-
ductors MCC1 and MCC4 to the DATA IN ports of
memories 355 and 380 for storage therein. The logic one
signal stored in location 7 of memory 3535 defines incom-
ing control channel 7 as active. The logic one signal
stored in location 23 of memory 380 defines outgoing

- control channel 23 as busy. Marking control circuit 340
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also transmits the character ‘10’ via paths MCC2 and
MCC3 to the DATA IN ports of memories 365 and 370
for storage therein. The character ‘10’ stored in location

7 of memory 365 represents the circuit set status signal

to be transmitted in outgoing control channel 7 to the
originating time-slot interchange unit and its associated
control unit. The character ‘10’ stored in location 23 of
memory 370 represents the circuit set status signal to be
transmitted in outgoing control channel 23 to the desti-
nation time-slot interchange unit and its associated con-
trol unit. Recall that memories 360, 365 and 370 are all
read during the first half of each time slot when timing
circuit 310 transmits the logic one signal on conductor
R. The logic one signal on conductor R is also transmit-
ted to address selectors 362, 367 and 372 and accord-
ingly the time-slot designation that is generated by time-
slot counter 312 and conveyed via path TSC2 to those
address selectors, is transmitted to the ADDRESS ports
of memories 360, 365 and 370. Accordingly, for each
outgoing control channel, the contents of the locations
in memories 360, 365 and 370 associated with that chan-
nel are read from the DATA OUT ports and, when
timing circuit 310 transmits the logic one signal on con-
ductor tj, the read contents are stored as fields R1, R2

" and R3 of a 16-bit control word stored in latch 389. The
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gate 373, AND gate 373 transmits a logic one signal to

address selector 372 and accordingly information field
X1 is conveyed to the memory 370 ADDRESS port.
Further, since the logic one signal on conductor Y 1s
transmitted to address selector 382, information field X1
is also conveyed to the memory 380 ADDRESS port.
Accordingly, the location in each of the memories 370
and 380 to be written into is location 23. The informa-
tion written into memories 350, 355, 365, 370 and 380
when timing circuit 310 transmits the logic one signal
on conductor W is defined by the information field X1
stored in latch 321, which field is conveyed via path X1

65

word stored in latch 389 is conveyed via path 307 to link
interface 303. Accordingly, after the ‘10’ characters are
stored in memory 365 location 7 and memory 370 loca-
tion 23, the circuit set status signal to the originating
time-slot interchange unit is transmitted during the next
occurrence of outgoing control channel 7 on path 307
and the circuit set status signal to the destination time-
slot interchange unit is transmitted during the next oc-
currence of outgoing control channel 23 on path 307.
The circuit set status signals indicate that incoming
control channel 7 and outgoing control channel 23 are

‘coupled for communication. Recall that the originating

time-slot interchange unit responds to a circuit set status
signal by beginning to transmit the control message
control words of a control message at the rate of one
word per frame.

If when the exemplary circuit setup request control
word was stored in latch 321, incoming control channel
7 was idle as before but outgoing control channel 23
was busy rather than idle, latch 381 would transmit a
logic one signal on conductor AA to mverter 338, and
inverter 338 would transmit a logic zero signal to the
input terminals of AND gates 333 and 337. In that case,
AND gates 335 and 337 transmit logic zero signals on
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conductors W2 and W4, respectively, rather than logic
one memory write signals as before and only AND gate
332 transmits a logic one memory write signal on con-
ductor W1. Accordingly only memory 365 location 7 is
written into. Since logic one signals are present on both
conductors Y and AA, marking control circuit 340
transmits the character ‘11’ (FIG. 19) to the memory
365 DATA IN port for storage in location 7. The char-
acter ‘11’ 1s therefore inserted in field R2 of the next
control word transmitted in outgoing control channel 7
on line 307 as the circuit busy status signal to the origi-
nating time-slot interchange unit. Recall that the origi-
nating time-slot interchange unit responds to circuit
busy status signals by repetitively retransmitting the
circuit setup request control word until receiving a
circutt set status signal indicating that the requested
outgoing control chiannel has become available and that
subsequently transmitted control message control
words will be routed in that outgoing control channel.

~Assume now that incoming control channel 7 and
outgoing control channel 23 have been coupled for
communication and that the originating time-slot inter-
change unit transmits a control message contrél word,
defined as such by having its definition field X2=00, in
incoming control channel 7. That control message con-
trol word is stored in latch 321 and, as a result of the
transmission of field X2 to decoder 322, decoder 322
transmits a logic one signal on a conductor CMCW to
an input terminal of an AND gate 323. The logic one bit
stored in memory 355 location 7 indicating the active
status of incoming control channel 7 is read from the
memory 355 DATA OUT port and stored in latch 356
when timing circuit 310 transmits the logic one signal
on conductor t; (FIG. 18) to latch 356. Further the
contents of memory 350 location 7, as defined by the
time-slot designation transmitted from time-slot counter
311 to the memory 350 ADDRESS port, which con-
tents comprise the binary equivalent of 23 stored fol-
lowing the receipt of the previous circuit setup request
control word, are stored in latch 351 when timing cir-
cuit 310 transmits the logic one signal on conductor t; to
latch 351. The logic one signal stored in latch 356 is
conveyed via conductor BB to the other input terminal
of AND gate 323, and accordingly AND gate 323 trans-
mits a logic one signal via a conductor X to an input
terminal of an AND gate 336. The logic one signal on
conductor X indicates that the control word stored in
latch 321 is a control message control word and that
incoming control channel 7 is active. When timing cir-
cutt 310 transmits a logic one signal to the other input
terminal of AND gate 336 via conductor W during the
second half of the time slot (FIG. 18), AND gate 336
transmits a logic one memory write signal on conductor
W3 to the memory 360 WRITE control terminal and to
address selector 362. The stored contents of latch 351
are conveyed via a path CC to address selector 362 and,
in response to the logic one signal on conductor W3, are
in turn transmitted to the memory 360 ADDRESS port.
Accordingly, when timing circuit 310 transmits the
logic one signal on conductor W, the information field
X1 of the control message control word stored in latch
321, which field is conveyed via path X1 to the memory
360 DATA IN port, is stored in memory 360 location
23. The bits stored in memory 360 location 23 are in-
serted via latch 389 in information field R1 during the
next occurrence of outgoing control channel 23 on path
307. Accordingly the information field X1 of a control
message control word recelved in incoming control
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channel 7 on line 305 is inserted in information field R1
of the next control word transmitted in outgoing con-
trol channel 23 on path 307. |
Assume now that the originating time-slot inter-
change unit has transmitted all the control message

- control words of a control message and then transmits a

circuit disconnect request control word, defined as such
by having its definition field X2=11, in incoming con-
trol channel 7. That circuit disconnect request control
word is stored in latch 321 and, as a result of the trans-
mission of field X2 to decoder 322, decoder 322 trans-
mits a logic one signal on a conductor CDRCW to an
input terminal of an AND gate 326. In the same manner
as described above for the reception of a control mes-
sage control word, the binary equivalent of 23 is stored
in latch 351 and a logic one signal, indicating the active
status of mncoming control channel 7, is stored in latch
356. The logic one signal stored in latch 356 is conveyed
via conductor BB to the other input terminal of AND
gate 326. As a result, AND gate 326 transmits a logic
one signal on a conductor Z' to an input terminal of OR
gate 331 and to an input terminal of OR gate 334. Ac-
cordingly, OR gate 331 transmits a logic one signal to
an input terminal of AND gate 332 and OR gate 334
transmits a logic one signal to an input terminal of AND
gate 335. When timing circuit 310 transmits the logic
one signal on conductor W, during the second half of
the time slot (FIG. 18), to the other input terminal of

AND gate 332 and to the other input terminal of AND

gate 335, AND gate 332 transmits a logic one memory
write signal on conductor W1 to the memory 365
WRITE control terminal and to address selector 367
and AND gate 335 transmits a logic one memory write
signal on conductor W2 to the WRITE control termi-
nals of memories 355, 370 and 380. The memory 355
location to be written into and, because of the logic one
signal transmitted to address selector 367 on conductor
W1, the memory 365 location to be written into are
both location 7, as determined by the time-slot designa-
tion transmitted by time-slot counter 311 on path TSCI.
The logic one signal on conductor Z’ is received at an
input terminal of an OR gate 374 and in response
thereto OR gate 374 transmits a logic one signal to an
input terminal of an AND gate 376. When timing circuit
310 transmits the logic one signal on conductor W to
the other input terminal of AND gate 376, AND gate
376 transmits a logic one signal to address selector 372,
and accordingly the bits comprising the binary equiva-
lent of 23 stored in latch 351 are conveyed via path CC
and address selector 372 to the memory 370 AD-
DRESS port. The logic one signal on conductor Z’' is
also received at an input terminal of an OR gate 383,
which, in response thereto, transmits a logic one signal
to address selector 382. Therefore, the bits comprising
the binary equivalent of 23 stored in latch 351 are also
conveyed via path CC and address selector 382 to the
memory 380 ADDRESS port. Accordingly the loca-
tions of memories 370 and 380 to be written into are
both location 23. The logic one signal on conductor Z’
1s also transmitted to marking control circuit 340. In
response thereto, marking control circuit 340 transmits
logic zero signals on conductors MCC1 and MCC4
(FIG. 19) to the DATA IN ports of memories 355 and
380 for storage therein. The logic zero signal stored in
location 7 of memory 355 defines incoming control
channel 7 as idle. The logic zero signal stored in loca-
tion 23 of memory 380 defines outgoing control channel
23 as idle. Marking control circuit 340 also transmits the



4,484,324

29
character ‘01’ via paths MCC2 and MCC3 to the
DATA IN ports of memories 365 and 370 for storage
therein. The character ‘01’ stored in location 7 in mem-

ory 365 represents the circuit disconnect status signal to
be transmitted in outgoing control channel 7 to the
originating time-slot interchange unit and its associated

conirol unit. The character ‘01’ stored in location 23 of

memory 370 represents the circuit disconnect status
signal to be transmitted in outgoing control channel 23
to the destination time-slot interchange unit and its
associated control unit. The character ‘01’ stored in
memory 365 location 7 is inserted via latch 389 in status
field R2 during the next occurrence of outgoing control
channel 7 on path 307 and the character ‘01’ stored in
memory 370 location 23 is inserted via latch 389 in
status field R3 during the next occurrence of outgoing
control channel 23 on line 307. Recall that by receiving
the circuit disconnect status signal, the control unit
associated with the destination time-slot interchange
unit is informed that a complete control message has
been received for processing.

If the originating time-slot interchange unit, rather
than completing the transmission of a control message,
desires to prematurely terminate the control message
transmission, it transmits a circuit clear request control
word, defined as such by having its definition field
X2=10, in incoming control channel 7. That circuit
clear request control word is stored in latch 321 and, as
a result of the transmission of field X2 to decoder 322,
decoder 322 transmits a logic one signal on a conductor
CCRCW to an input terminal of an AND gate 325.
Latch 356 operating in a' manner similar to the above-
described operation in response to a circuit disconnect
request control word, transmits a logic one signal, indi-
cating the active status of incoming control channel 7,
via conductor BB to the other input terminal of AND
gate 325. In response thereto, AND gate 325 transmits
a logic one signal on a conductor Z. The logic one
signal on conductor Z results in logic one memory write
signals being transmitted on conductors W1 and W2
and in the selection of memory 355 location 7, memory
365 location 7, memory 370 location 23 and memory
380 location 2 as the memory locations to be written
into. In response to the logic one signal on conductor Z,
marking control circuit 340 transmits logic zero signals
on conductors MCC1 and MCC4 (FIG. 19) for storage
in memory 355 location 7 and memory 380 location 23,

respectively, thereby defining both incoming control

channel 7 and outgoing control channel 23 as idie.
Marking control circuit 340 transmits the character ‘00’
via paths MCC2 and MCC3 to the DATA IN ports of
memories 365 and 370 for storage therein. The charac-
ter ‘00’ stored 1n location 7 of memory 365 represents
the circuit clear status signal to be transmitted in outgo-
ing control channel 7 to the originating time-slot inter-
change unit and its associated control unit. The charac-
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ter ‘00’ stored in location 23 of memory 370 represents

the circuit clear status signal to be transmitted in outgo-
ing control channel 23 to the destination time-slot inter-
change unit and its associated control unit. The charac-
ter ‘00’ stored in memory 365 location 7 is inserted via
latch 389 in status field R2 during the next occurrence
of outgoing control channel 7 on path 307 and the char-
acter ‘00’ stored in memory 370 location 23 is inserted
via latch 389 in status field R3 during the next occur-
rence of outgoing control channel 23 on path 307. Re-
call that by receiving the circuit clear status signal, the
control unit associated with the destination time-slot
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interchange unit is informed that control message con-
trol words have been received.

FIG. 20 1s a functional diagram illustrating the trans-
mission of a control message from a first control unit to
a second control unit in accordance with the primary
mode of control information communication disclosed
herein. In FIG. 20 originating unit 190 represents origi-
nating subscriber set 23, line unit 19, time-slot inter-
change unit 11, and control unit 17. Similarly, terminat-
ing unit 191 represents terminating subscriber set 26,
line unit 22, time-slot interchange unit 12, and control
unit 18. In the course of the following description, con-
trol time slots from a given control unit (or central
control 230) are referred to as transmit control time
slots while control time slots to a given control unit (or
central control 230) are referred to as receive control
time slots. Each communication in the control message:
transmission sequence is represented in FIG. 20 by a
line, terminating with an arrowhead to indicate its di-
rection, having an associated letter (A) through (G).
The letters (A) through (G) are used to identify the
particular communication being discussed. Assume that
control unit 17 of originating unit 190 needs to transmit
a control message to control unit 18 of terminating unit

191. First originating unit 190 transmits a circuit setup
request control word (A) in transmit control time slot

TS 1 via time-multiplexed switch 10 to control word
switch 300. The circuit setup request control word
includes in its information field X1 an address defining
outgoing control channel 61 as the control channel to
be used for communication to terminating unit 191.
Control word switch 300 determines, in response to the
circuit setup request control word, the availability of
outgoing control channel 61. If outgoing control chan-
nel 61 is idle, control word switch 300 stores the address
defining outgoing control channel 61 in a memory loca-
tion associated with incoming control channel 1, trans-
mits a circuit set status signal (B) in outgoing control
channel 1 via time-multiplexed switch 10 to originating
unit 190 and transmits a circuit set status signal (C) in
outgoing control channel 61 via time-multiplexed
switch 10 to terminating unit 191. (Although not shown
in FIG. 20, if outgoing control channel 61 is busy, con-
trol word switch 300 transmits a circuit busy status
signal in outgoing control channel 1 via time-multi-
plexed switch 10 to originating unit 190, and outgoing
unit 190 repetitively transmits the circuit setup request
control word until receiving a circuit set status signal.)
The circuit set status signal (C) received in receive
control time slot TS 61 informs control unit 18 of an
upcoming control message. In response to the circuit set
status signal (B) received in receive control time slot TS
1, originating unit 190 transmits the control message (D)
by transmitting one control message control word per
frame in transmit control time slot TS 1 via time-multi-
plexed switch 10 to control word switch 300, each con-
trol message control word received by control word
switch 300 being routed in outgoing control channel 61
via time-multiplexed switch 10 to terminating unit 191.
Once all of the control message control words of the
control message have been transmitted, originating unit
190 transmits a circuit disconnect request control word
(E) in transmit control time slot ‘TS 1 via time-multi-
plexed switch 10 to control word switch 300. In re-
sponse, control word switch 300 transmits a circuit
disconnect status signal (F) in outgoing control channel
1 via time-multiplexed switch 10 to originating unit 190
and transmits a circuit disconnect status signal (G) n
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outgoing control channel 61 via time-multiplexed
switch 10 to terminating unit 191. The circuit discon-
nect status signal (FF) informs originating unit 190 that
transmit control time slot TS 1 can now be used to
transmit another control message. The circuit discon-
nect status signal (G) informs terminating unit 191 that
a complete control message has been transmitted. (Al-
though not illustrated in FIG. 20, originating unit 190
can prematurely terminate the control message trans-
mission by transmitting a circuit clear request control
word, rather than a circuit disconnect request control
word, to control word switch 300 in which case control
word switch 300 then transmits circuit clear status sig-
nals to originating unit 190 and terminating unit 191.
Terminating unit 191 is informed by the circuit clear
status signal that the control message control words
which have been received are to be disregarded.) The
transmission of a control message from originating unit
190 to central control 230 or from central control 230 to
terminating unit 191 1s completed using a substantially
identical communication sequence. The use of control
messages for the establishment of a communication path
between subscriber sets 23 and 26 is i1llustrated by the
‘example described -in the above-cited Beuscher U.S.
~ Pat. No. 4,332,843.

- It 1s to be understood that the above-described em-
bodiment is merely illustrative of the principles of the
- invention and that other arrangements may be devised
- by those skilled in the art without departing from the
- spirit and scope of the invention. For example, the time-
multiplexed switch in a given embodiment could have
the same number of input/output port pairs as the num-

ber of channels of the control word switch, e.g., 256. In

that case, however, one time-multiplexed switch mnput-
/output port pair must remain unused for each control
channel used for the central control.
What is claimed is: -
. 1. A control information communication arrange-
ment for a time division switching system comprising
- switching means comprising input ports and output
~ ports and -
~ a plurality of control units each connected to at least
one of said input ports for transmitting circuit setup
request control words each comprising an address
- portion defining one of said control units and for
- sequentially transmitting control message control
~.words and each of said control units being con-
. nected to at least one of said output ports for re-
- ceiving control message control words,
wherein said switching means further comprises
~ control word routing means and
- means for transmitting circuit setup request control
words and sequentially transmitting control mes-
sage control words from the ones of said input
- ports connected to said control units to said control
word routing means and
wherein said control word routing means comprlses
- means for receiving circuit setup request control
words and. control message control words and
means responsive to a circuit setup request control
word from a given input port for transmitting each
control message control word received sequen-
~tially from that given input port, to one of said
. output ports connected to the control unit defined
. by the address portion of that circuit setup request
~control word before the receipt by said control
word routing means of the next control message
‘control word from that given input port.
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2. A control information communication arrange-
ment for a time division switching system in accordance
with claim 1 wherein said control word routing means
further comprises means responsive to a circuit setup
request control word from a given input port connected
to a given control unit for transmitting a circuit busy
status signal 'to one of said output ports connected to
that given control unit when control message control
words are being transmitted to one of said output ports
connected to the control unit defined by the address
portion of that circuit setup request control word.

3. A control information communication arrange-
ment for a time division switching system in accordance
with claim 2 wherein each of said plurality of control
units further comprises means responsive to said circuit
busy status signal for transmitting a circuit setup request
control word.

4. A control information communication arrange-
ment for a time division switching system in accordance
with claim 1 wherein each of said plurality of control
units further comprises

control means for repetitively transmitting circuit

setup request control words and means responsive
to a circuit set status signal from said control word
“routing means for inhibiting the transmission of
circuit setup request control words from said con-
trol means and for initiating the transmission of
control message control words and
wherein satd control word routing means further
comprises means responsive to a circuit setup re-

- quest control word from a given input port con-
nected to a given control unit for transmitting said
circuit set status signal to one of said output ports
connected to that given control unit when no con-

~ trol message control words are being transmitted to
one of said output ports connected to the control
unit defined by the address portion of that circutt
setup request control word.

5. A conirol information communication arrange-
ment for a time division switching system in accordance
with claim 1

wherein each of said plurality of control units further

comprises means for transmitting circuit discon-
nect request control words after all of the control
message control words comprising a control mes-
sage have been transmitted and

wherein said control word routing means further

comprises means responsive to a circuit disconnect
request control word from a given input port con-
nected to a given control unit after having received
a circuit setup request control word from that
given input port for transmitting a circuit discon-
nect status signal, indicating the transmission of a
complete  control message, to one of the output
ports connected to the control unit defined by the
address portion of that circuit setup request control
word.

6. A control information communication arrange-
ment for a time division switching system in accordance
with claim 5 wherein each of said plurality of control
units further comprises means responsive to said circuit
disconnect status signal for processing a received con-
trol message.

7. A contirol information communication arrange-
ment for a time division switching system in accordance
with claim 1



4,484,324

- 33
wherein each of said plurality of control units further
comprises means for transmitting circuit clear re-
quest control words and

wherein said control word routing means further

comprises means responsive to a circuit clear re-
quest control word from a given input port con-

nected to a given control unit after having received
a circuit setup  request control word from that
given input port for transmitting a circuit clear
status signal, indicating the transmission of control
message control words to be disregarded, to one of
the output ports connected to the control unit de-
fined by the address portion of that circuit setup
request control word.

8. A control information communication arrange-
ment for a time d1v1510n switching system in accordance
with claim 7 wherein each of said plurahty of control
units further comprises means responsive to said circuit
clear status signal for disregarding received control
message control words.

0. A control information communication arrange-
ment for a time lelSlOI’l sw1tch1ng system in accordance
with claims 1, 2, 3, 4, 5, 6, 7 or 8 wherein at least one of
said plurality of control units comprises a central con-
trol for controlling said switching means.

10. A control information communication arrange-
‘ment for a time d1v1310n switching system in accordance
with claims 1,2, 3, 4, 5, 6, 7 or 8 further comprising

a plurality of data word sources each connected to at

least one of said input ports for transmitting data
~words and -

a plurality of data word receivers each connected to

~ at least one of said outport ports for receiving data

words and |

wherein said - switching means further comprises

- means for selectively transmitting data words from
- theinput ports connected to said data word sources
- to predetermined ones of said output ports con-
nected to said data word receivers.
- 11. A control information communication arrange-
ment for a time division switching system in accordance
with claim 10 further comprising
a plurality of first time-muitiplexed lines each com-
- prising a recurring series of time slots connected to
 one of said input ports,
a plurahty of second time- multlplexed lines each

comprising a recurring series of time slots con-

nected to one of said output ports,
wherein said data word sources comprises means for
transmitting data words during predetermined ones
of the time slots on said first time-multiplexed lines,
wherein said data word receivers comprise means for
receiving data words during predetermined ones of
the time slots on sald second time-multiplexed lines,
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12. A control information communication arrange-
ment for a time division switching system in accordance
with claim 10 wherein at least one of said plurality of
control units comprises a central control for controllmg
said switching means.. S |

13. A switching system comprising = .

switching means having a plurality of input ports and
a plurality of output ports for completing commu-
nication- paths between. said input ports and said
output ports in time slots of fixed duration, -

a plurality of communication units each connected to
predetermined ones of said input ports for transmit-
ting control words during transmit control time
slots which comprise predetermined ones of the
time slots at those input ports and each connected

- to predetermined ones of said output ports for re-
ceiving control words during receive control time
slots ‘which comprise predetermined ones cf the
time slots at those outputs ports, o

‘said 'switching means further comprising control |
word switch means comprising means for receiv-
ing control words at said input ports during said

“transmit control time slots, means for transmitting

. control words from said output ports during said
~ receive control time slots and a plurality of trans- -

~: ' mit storage means each assocmted w1th one of said

transmit control time slots,

each of said plurality of communication umts further
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wherein said control units comprise means for trans- -

mitting circuit setup request control words and
control message control words on said first time-
‘multiplexed lines during transmit control time slots
which comprise particular ones of said time slots
not used by said data word sources for transmitting
data words and means for receiving control mes-

~ sage control words on said second time-multi-
plexed lines during receive control time slots
which comprise particular ones of said time slots
not used by said data word receivers for receiving
sa1d data words.
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~ comprising means for transmitting during transmit
control time slots, circuit setup request control
words including an address portion defining one of

-+ said receive control time slots and means for trans-

" mitting during transmit control time slots control
-message control words and

sald control word switch means further compnsmg

. eans responsive | to a glven circuit setup request
control word received in a given transmit control

- time slot for storing in the transmit storage means
associated with said given transmit control time
slot the address portion of said given circuit setup
request control word and means responsive to each

.-control message control word received in said
given transmit control time slot for ‘transmitting
that control message control word during a prede-

" termined occurrence of the receive control time
slot defined by the address portion stored in the.
transmit storage means assocnated Wlth said given
transmit control time slot. |

14. A switching system comprising =~

switching means having a plurality of input ports and
a plurality of output ports for completing commu-

" nication paths between said input ports and said
output ports in time slots of fixed duration,

a plurality of communication units each connected to
predetermined ones of said input ports-for transmit-
ting control words during transmit control time
slots which comprise predetermined ones of the

“time slots at those input ports and each connected
to predetermmed ones of said output ports for re-
" ceiving control words during receive control time
 slots which comprise predetermmed ones: of the

" time slots at those output ports, =

said ‘switching means further comprising control
word switch means comprising means for receiv-
ing control words at said input ports during said
transmit control time slots, means for transmitting
control words from said output ports during said
receive control time slots, a plurality of transmit
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storage means each associated with one of said
transmit control time slots and a plurality of re-
ceive storage means each associated with one of
said receive control time slots comprising means

for storing a busy/idle status indicator for that 5 plurality of channels of said first time-multiplexed
receive control time slot, line, during a predetermined occurrence of the
each of said plurality of communication units further channel of said second time-multiplexed line de-
comprising means for transmitting during transmit fined by the address stored by the one of said first
control time slots, circuit setup request control . plurality of memory locations associated with that
words lncludlng an address portion defining one of 10 channel of said first time-multiplexed line,
said receive control time slots, wherein said first transmitter means further com-
said control word switch means further comprising prises means for transmitting circuit setup request
means responsive to a given circuit setup request control word including an address defining one of
control word received in a given transmit control said plurality of channels of said second time-multi-
time slot at a given input port connected to a given 15 plexed line,
communication unit, whe the busy/idle status indi- wherein said receiver means further comprises means
cator stored in the receive storage means associ- responsive 10 a given circuit setup request control
ated with the receive control time slot defined by word received in a given channel of said first time-
- the address portion of said given circuit setup re- multiplexed line for transmitting the address in-
quest control word indicates an idle status of that 20 cluded in said given circuit setup request control
receive control time slot, for storing in the transmit word to the one of said first plurality of memory
storage means assoclated with that given transmit locations associated with said given channel of said
control time slot said address portion of said given first time-multiplexed line for storage therein and
circuit setup request control word, for changing wherein said second transmitter means further com-
sald last-mentioned busy/idle status indicator to 25 prises means for transmitting in the channel of said
indicate a busy status and for transmitting a circuit second time-multiplexed line corresponding to said
setup status signal in a receive control time slot given channel of said first time-multiplexed line a
from one of said output ports connected to said predefined status signal when the busy/idle status
given communication unit, - indicator stored in the one of said second plurality
each of said plurality of communication units further 30 of memory locations associated with the one of said
comprising means responsive to a circuit setup plurality of channels of said second time-multi-
status signal received in a given receive control plexed line defined by the address included in said
time slot at an output port connected to that com- given circuit setup request control word represents
munication unit for transmitting in transmit control an idle status.
time slots at one of the input ports connected to 35 17. An arrangement in accordance with claim 16

that communication unit control message control
words and

said control word switch means further comprising
means for transmitting each control message con-
trol word received in a given transmit control time
slot, in the receive control time slot defined by the
address portion stored in the transmit storage
means associated with that given transmit control
time slot.
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tus of that channel of said second time-multiplexed
line,

second transmitter means for transmitting each con-

~trol message control word received in one of said

wherein said first transmitter means further comprises
means for transmitting control message control words
in said given channel of said first time-multiplexed line
only after said second transmifter means has transmitted
said predefined status SIgnal

18. An arrangement in accordance with claim 16
wherein said first transmitter means further comprises

status signal recetver means for receiving said prede-

fined status signal and

15. A switching system in accordance with claims 13 45 means for transmitting control message control
or 14 wherein at least one of said plurality of communi- words in said given channel of said first time-multi-
cation units comprises a central control for controlling plexed lines only after said status signal receiver
said switching means. means has received said predefined status signal.

16. An arrangement comprising 19. A distributed control switching system compris-

first transmitter means for transmitting control mes- 50 ing

sage control words in at least one channel of a
plurality of channels of a first time-multiplexed
line,

receiver means for receiving control message control

a switching means and

first and second control units for controlling said
system each coupled for communication with said
switching means by a link associated with that

words in said at least one channel of said plurality 55 control unit,

of channels of said first time-multiplexed line, wherein said first control unit further comprises
a first plurality of memory locations each associated means for repetitively transmitting circuit setup

with one of said plurality of channels of said first request control words defining said second control

time-multiplexed line for storing an address defin- unit until recetving a predefined status signal from

ing one of a plurality of channels of a second time- 60 said switching means,

multiplexed line, each of said plurality of channels wherein said switching means comprises means re-

of said second time-multiplexed line corresponding sponsive to said circuit setup request control words

to one of said plurality of channels of said first for determining the availability of the link associ-

time-multiplexed line, ated with said second control unit for communica-
a second plurality of memory locatlons each associ- 65 tion from said switching means to said second con-

ated with one of said plurality of channels of said
second time-multiplexed line for storing a busy/i-
dle status indicator representing the busy/idle sta-

trol unit and means responsive to said circuit setup
request control words when the link associated
with said second control unit is available for com-
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munication from said switching means to said sec-
ond control unit, for coupling the links associated
with said first and second control units for commu-
nication from said first control unit to said second
control unmit and for transmitting said predefined
status signal to said first control unit and

wherein said first control unit further comprises
means for transmitting a control message in re-
sponse to said predefined status signal.

20. A distributed control switching system in accor-

dance with claim 19

wherein said first control unit further comprises
means for transmitting a circuit disconnect request
control word after the transmission of said control
message and

wherein said sw1tch1ng means further comprises
means responsive to said circuit disconnect request
control word for transmitting a circuit disconnect
status signal, indicating the transmission of a com-
plete control message, on the link associated with
said second control unit.

21. A distributed control switching system in accor-

dance with claim 19

wherein said first control unit further comprises
means for transmitting a circuit clear request con-
trol word and

wherein said sw1tch1ng means further comprises
‘means responsive to said circuit clear request con-
trol word for transmitting a circuit clear status
signal indicating the transmission of a control mes-
sage to be disregarded, on the link associated with

'said second control unit.
22. In a distributed control switching system compris-
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ing a switching means and a plurality of control units

for controlling said system each coupled for communi-
cation with said switching means by a link associated
with that control unit, a method of communicating a

control message from a first control unit to a second 40

control unit comprising
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repetitively transmitting, by said first control unit,
circuit setup request control words defining said
second control unit until receiving -a predefined
status signal from said switching means,
~determining, by said switching means in response to
sald circuit setup request control words, the avail-
ability of the link associated with said second con-
trol unit for communication from said switching
means to said second control unit, |
couphling, by said switching means, the links associ-
ated with said first and second control units for
communication from said first control unit to said
second control unit and transmitting, by said
switching means, said predefined status signal to
said first control unit, both in response to said cir-
cuit setup request control words when the link
-associated with said second control unit is available
for communication from said switching means to
said second control unit and .
transmlttmg, by said first control unit, said control
message in response to said predefined status signal.
23. A method in accordance with claim 22 further
comprising ~
transmitting, by said first control unit, a circuit dis-
connect request control word after the transnus-
ston of said control message and
transmitting, by said switching means in response to
said circuit disconnect request control word, a
circuit disconnect status signal, indicating the
- transmission of a complete control message, on the
link associated with said second control unit.
24. A method in accordance with clalm 22 further
comprising | o --
transmitting, by said first control unlt a. mrcult clear
request control word and o --
transmlttlng, by said switching means in response to
said circuit clear request control word, a circuit
clear status signal, indicating the transmission of a
control message to be disregarded, on the link asso-

ciated with said second control unit.
X %k .k Kk %
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